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for free: ‘moving transportation. The introduction and 
of the motor car has created a problem which the authorities in nearly every 
city al are endeavoring to solve ‘i in order that street capacity may be ‘made’ ade- 


quate for the ever- increasing demands of traffic. for poten 
ba City planning in New York | began i in 1811, when a ‘commission appointed 
by Mayor DeWitt Clinton prepared a 1 map for that part of the old city—now — ‘ 


the Borough of Manhattan—extending from the developed. area south of Hous- 


_* ~ ton Street and Greenwich Village northerly t to West 155th Street, a distance — : 
et of about 7 miles. This map made provision for a series of parallel north and © 


bee south avenues, each 100 ft. wide, spaced 610 to 920 ft. apart, and at right oe 


series of parallel west 200 0. ft, apart, wits widths c 


argely the of to- -day. Until Freeney, it 1 was 


"invasions s have been: permitted to such an in extent as seriously to. impair the: 
3 ed fulness of a plan which; in breadth of vision, ‘compares favorably with mean: 
day ‘planning in any of the large cities. It would s seem that, although th 


city a layout of great the inheritance was uf 


conditions in. New. York it are: probably typical of those of other 


large: cities, but more acute. Statistics on the traffic across, the East River, 


Ass the that ‘18% a com, 

"servative estimate of present. annual increase in traffic in the 
districts, with the probability that the rate would be ‘much higher if the street se 

Police regulations . have been carried as far as seems practicable under 


cf present: conditions. One-way east and. west traffic is in force through the con- 
gested districts and the two “main north and south arteries are controlled by 


| 


ignal systems. Tt is acknowledged ‘that further: relief i is urgently needed in. 
a rder 1 to cope with ‘the present, to say nothing of the ‘constantly increasing, 


traffic needs. ef oe na ot 


™ 


__.* Presented at the meeting of the City Planning - Division of the Society, January 17, 
1924. Written discussion on this paper will be closed with the to 1924, bet eb 
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ing ‘through of f new avenues heretofore | observed i is expensive, , usually involy 
the complete destruction of the buildings affected as well | as s heavy — 


— 


Excess ‘condemnation, the purpose of salvaging remnants, would 


porarily add still greater burdens and would involve so much « capital that ‘such 
a project in this part of the city would be largely impracticable. = req 


involving the of “unduly large. areas devoted to private vu “use an 
without destroying valuable buildings, a number of of expedients have been, « or 4 
are being, as fort anibnod xo— to 


f 


limits of the widened street. 4 
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4.—Removal of 13 roadway encroachments. to 


By passing of traffic, bebusize dsl bodaildates 7 
—Introduction of arcades. 


ed. —Set- Back Ordinance. —In some cities, street et widenings have been accom- = & St! 
plished through legislation prohibiting the erection ¢ of a building other in 
in conformity. with the lines for a new street or for the widening of 


distitig street, thereby limiting the cost of widening : a street which had been 
fully built up to the value of the land, provided that the proceeding 
deferred until after all the old buildings had been replaced. In the meantime, g 


it s seems probable that the Jand needed for purposes: would have become be 


Se contested in the Courts. The opinion rendered i in this case was as follows: 


value, ° Such a practice was observed i in New York until 1898, when its legality e Be: 


“Whenever a law deprives the owner of the beneficial use ‘and free enjoy. 


his property, ‘imposes restraints suc ch use and ‘enjoyment 


deprives him of his the meaning of the m 
- although the police and other powers of government may sometimes inci- — 
dentally affect property rights, these powers can only be exercised to promote — i 
he public good, and are always subject to judicial scrutiny. falirgot eorot 
“The provision of the New York Consolidation Act (Section 677, Chapter a 
- 410, Laws of 1882), which declares that no compensation shall be allowed “~e. k 
i the owner of land taken for a street for any building erected,or placed thereon | 
_ after the filing of a map of the street as prescribed by the Act (Section 672) 7 a we 
_by its terms, imposes a restriction upon the use of the land, which amounts 
o an encumbrance, and so is unconstitutional. eboon 
the Federal as w 


accepted i in New York Efforts "4 to rial? uch a laws 


The “uncon: of such law seems both on ‘the basis of 


to be unsuitable for further substantial Bas 
se It has been estimated that to cut a new express street 100 ft. wide through 8 me: 
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_ INCREASING CAPACITY OF EXISTING STREETS 


| will be made ‘when the land and building values are sufficiently high | to war- 

rant litigation a and 1 must inevitably meet with success. 
In this connection, itt might be noted that, ‘under the Zoning ‘Act, the city 
authorities of New York have recently imposed a 15- ft. set-back on the highest — 

class of residential property and now have under consideration the establish- 

ment of a 10- ft. set-back for residential areas where the restrictive conditions 

are less severe. These restrictions are being enforced under the police powers» ire 

of the State ¢ and. are designed to protect a particular type of development to pe "he 
which an area seems best adapted. It does not seem probable that any sue “| 4 
requirement could be successfully imposed — where development had been well } 
advanced and primarily of type, ‘or that similar means of relief 


Fifth which is the pers south street in 


free from obstruction, ‘became so acute that the r roadway between 25th Beret 


and 47th Street was widened from 40 ft. to 55 ft., the sidewalk widths being 


| decreased from 30 ft. to 22.5 ft. At that time, Fifth Avenue was ¢ a 


street. . This improvement involved the removal of entrances, s eps, ‘ 
fences. _ The reconstruction which at once took place conyerted it into a high- — “ty a 
class business thoroughfare ¢ and was followed by an extension of the roadway a 
widening to include the entire length of the street ‘south of Central Park. 

This" ‘widening marked the first: _importan t move toward the freeing of the 

§ streets as far as possible to meet the needs of vehicular traffic without i increas- 

large number of improvements in the more ‘congested 

the Borough | of Manhattan have since been made, particularly i in streets 

ing a width of 60 ft., with 30-ft. roadways” and 15-ft. sidewalks, originally 
developed for residential use. A substantial part of the si dewalk area has 


been appropriated ina manner similar to that already | described in — 


Avenue. The width of these roadways is being increased tc to 34 ft. with repav- os 
ing improvements: and, through the removal of encroachments, practically a 
all the space available to pedestrians is being conserved. This has caused | 


marked relief i in districts having light traffic, as it permits two lanes of vehicles 
moving in o opposite directions mages lane of traffic —_ at ‘each curb. In 


The expediency of still further decreasing ‘the 
“now generally averages from 13 ft. to 20 ft. in width, has 3 recently been ques- 


x tioned, but it is evident that: the resulting gain would not. secomplish ‘much 
In the planning of vehicular tunnels where construction costs are high, 


careful consideration has been g given to the kind of the’ space re- 
quired for its accommodation. does not appear that heretofore any such 
_ serious consideration has been given to the planning | of a street, but by reason’ an 

of the great expense involved in the ‘congested areas, » it seems evident that 
this phase of the problem should be considered. The number of lanes of traffic 


b determined and space m be provided fi for vor 6 
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CAPACITY OF EXISTING STREETS 


Traffic to call for. ‘permanent. demarcation 


between lanes: use used for movement in opposite directions, and it may be ex: 
pected that eventually each lane will be clearly marked on the roadways. This 


g true, it follows that street widths should be fixed in units which will | 


*bein 


aeeommodate two lines of parked trafic and an. even ‘number of moving | lines, 


should. not. be. increased at random in s small ‘units as heretofore has 


8.—Traffic Regulation. .—The introduction of traffic regulation at 42d Street 
a Fifth Avenue during 1903 has been followed not only by its extension to ee 


busy intersections the city, but also by i imposing one-way traffic: 


the traffic problem have been! improved to a point: of 
is believed to be unsurpassed. Police Commissioner h has recently 
announeed, however, that regulation under present conditions has. reached itt 
limit and that. relief. must, come through the introduction of n new devices. 
si Pending the provision : for more | street area, it would seem that a substantial : ms 
gain in capacity might be obtained through the limitation of, arterial streets’ 
O.one-way traffic and the. introduction of the block system of control, the oe 
latter being dependent on. the former. One-way traffic regulation requires 

13 re-routing of surface cars and bus lines so that all movement will flow i inone F 

sa direction; it can only be effected through co-operation betwee n the municipal Sher 

authorities and, the operating companies. Its adoption would doubtless meet ie 

with opposition from the business interests affected which , however, are bound ia 

to suffer. through the. perpetuation of present conditions, to nothing | of 

certainty continuously increasing congestion unless” relief is found. 

block system of operation resembles that used for and, if prop 


controlled,. ‘permit traffic in the. controlled: area. to. Proceed 
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This. due. allowance for increasing the 


ears as required for safety, should have the effect of speed- 
ing up the ‘movement at least, 25%, and thus afford. a ‘eebafantel: increase in 
4.—Removal of Roadway —Until recently, roadways have 
: ‘Heoed been ‘regarded a: as having surplus width and 1 their invasion, beginning with sur 

dope face car tracks and steam railroads, has ¢ extended to elevated railroad col- 


umns, subway station entrances, subway ventilator gratings, and malls. These 


5 


ities, _announced about. four. years ago” ‘that the day for further. extension of 


Ae elevated railroads in the « city had passed, the statement was at first not taken 
However, not only is this policy now generally accepted, but « active 


tat orts are being made. to restore the streets to the use for which they were 
ntended. ted} don 21 ett sot be up 


seriousness of ‘the situation is. ‘strikingly i illustrated by traffic 
counts of the north and south movement across 42d Street at all the arteries 
- between. the Hudson and East Rivers. Frc rom ‘these > studies it. was found that 
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& The City of New York learned its lesson, although it has ‘reaped 


| 
about 25 sec. in streets, having 1 major obstructions, the. average ae 

way ‘for all being about 9 sec. It would appear, therefore, that if all ‘the a 
obstructions, such as surface tracks, elevated railroad columns, and the West — a ot 
Side. Division of the | New York Central, which i is operated: at. grade, wer 
removed, the capacity of the ‘north and south streets” in n the ‘mo ost ‘congested 
part of Manhattan could be increased about 80%. oil 
dt With this object i in n-view,' the President of the Borough of Manhattan has ae 
; recently proposed. the removal of the Sixth Avenue Elevated Railroad and the 
© substitution of a subway, thereby freeing the street, except for r surface cé cars, 

j to vehicular. use and restoring the light and air of w which it. is now to some 
extent. deprived. (Fig. 1.). The adjacent ‘property ‘owners have shown a keen 
appreciation _of the benefits that. would follow. such an improvement, even 
the extent. of expressing a willingness to bear the « cost of the improvement i _ 
the belief that the benefits would more than equal the expense. 

_ The surface | tracks of the New York Central Railroad | have constituted a Bh 
serious problem, ‘the solution of which cannot long be deferred i in the interest ce 
of either the public, whose safety and convenience are seriously prejudiced, or — 
the corporation, which is subjected 1 to great difficulties in operation. Jona 


ne economic advantages of ‘the ‘surface car over the bus. and 


street capacity used, have been to a extent lost in the crowded 
sections of the city by reason of the » slowing down of speed as t the result of cha 


)REASING CAPACITY OF EXISTING ‘STREET 


the absence of freedom of movements, which slowing ‘down is also shared << 


all the traffic using the same street. 
The removal of subway malls: and station entrances from the middle of © 
the roadway along the line of a. su way opened for operation about ten years 
ago (Fig. 2) is now seriously proposed and unquestionably will be effected in 


decided advantages by reason of the treatment which has been permitted - with 


respect to its roadways, its later. experience should serve as a warning tc to ) ther e 

municipalities with | similar problems, the correction of which is certain to 

ss... —By-Passing of T raffic.—One of f the most promising fields for relief lies 

in the diversion of through traffic from. congested sections into streets giving —— . 


freedom of movement or more economical i increase of capacity. 


Vi 
as. the greater part of the traffic that is ‘the a: 


m time 


the rater, in a more comprehensive on Riverside Drive sout 


TEES 


of its terminus at West 72d Street is dispersed through 1 various arteries, , none 
of which stands out pre-eminently. ‘Between 72d Street and 59th Street, the 


water- -front ‘is. occupied | by the 60th Street Yard, of the New York 
Railroa ‘Company. Between 59th Street ‘and the Battery, except for a short — 


| distance south of 42d Street, the | city has acquired a a strip of land | about 150 ft. 
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IN ORBASING GAPACITY STREETS 
_ wide for a marginal way to serve. the ates r-front. _. This s strip in turn is s flanked 


by West Street, with a width of about 100 ft., eee for the accommoda- 


conget d with a tangled mass of vehicles awaiting an opportunity’ to. dis- 


_ charge | or receive the p pier ‘freight. It is proposed to construct a viaduct over 
. 1e 60th Street railroad yard and a ‘shed soos marginal way to a depth 


marginal. way is mostly paved, and this, as. well as West Street, is | usually 


of about | Ti 75 ft. Over this it is proposed to construct an expressway 100 ft. 


w wide a 25-ft: overhang toward West Street. This arrangement would 


. make it possible to distribute pier freight from a ‘laxiding platform extending 
= tically the entire pct re ‘West Street, ‘against which, and in the covered 


oy 


Tt would seem that ‘such a project’ would greatly the present 
cost of handling freight at the water- front, and, incidentally, make it pos- 


; sible to ‘recoup a considerable “part of the cost of the’ express strest, Such a 


__ street would be provided. with | ramps — to grade at intervals of about a mile. 
a With its: ten moving traffic lanes, it would Provide: a capacity 1 more ‘than | ny 


5 - twice as great as that of Fifth Avenue ; assuming a conservative increase in Ter 

speed, it would seem that the new street would accommodate three times as 


In the development | of such a ‘would seem feasible to move 


“the express street up to a third level and to introduce i in the middle level a mar- § 


water- front railroad which could easily be connected with warehouses 
on the easterly side of ‘West Street and provided with facilities for directly 


AS 


receiving or discharging marine or local fr freight (Fig. 


} 


“gia 6. —Arcaded Sidewalks. —In order to ‘provide more space, it would be prac- 
‘ticable to dou uble- deck streets, but the introduction of such elevated structures, 
except along the water- front, is not regarded by. the writer with favor, his 


BOT BIE | 
objections being similar ‘to those against ‘elevated railroads. Furth yermore, 

double -decking ‘would deprecia property values on the lower | level even 


more than elevated stenctures, and the construction would costly build- 
ing and consequential damage in ramping to grade. pat 


‘There lies an intermediate procedure between ‘this actual 


tbe widening, that i is, to provide a sidewalk i in an arcade back of the street 


Py _ The only known examp of such 2 an arrangement in the United States Sct 


‘is s noted* by the late Nelson P. Lewis, M. peal Soe. won E, as | follows: re 


ep hiladelphie again furnishes a nota le example, Fifteenth Street, 
Market Street and South Penn Square, has a width of 50 ft., with a roadway 
f 26 fti'and sidewalks of 12 ft. each. The curb on the east side “was ‘set back 
1 ft.,-or within 1 ft. of the’ street line, while:a sidewalk ft. in width was 
ak _ provided back of the new curb line extending 18 ft. under the buildings. This 
improvement, was also extended eastward along the north side of South Penn 
_ Square between 15th and Broad Streets. The arcade thus formed has been 
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CAPACITY OF EXISTING STREETS 

treated piers are aphced and all of the same 
size, and the results of this, treatment have been very satisfactory, the shops we 
fronting on the arcade appearing to be desirable and probably commanding 
good rentals. The total length of this arcade on both streets is 335 ft., and 
the cost to the City in damages paid for the easements and the reduction of 
available floor space in the buildings amounted to $193 000. Consideration is 
now being given to. _ the extension of this arcade along the east side of 15th 
Street. to Chestnut Street, a distance of about 200 ft. It should be pointed ~ 
out, however, that such treatment cannot be successful ‘unless the arcades are 
of uniform height and unless the supporting columns and the sie of the © 


In order to the deidived floor space, the “Municipal Building i in New 
York was arched over Chambers Street, through 1 the block between Park Row > 
and Center Street, the sidewalks being placed in an arcade (Fig. 4). pd Tn this 
instance, however, there was no occasion for. ‘equipping the arcade with show i 
windows such as would ordinarily be required, and there was ‘no damage to 
abutting property. A ‘somewhat similar treatment is proposed for the building 
to be erected by the New York Central Railroad Company’ in Park Avenue, 
between 45th Street and 46th Street, 2 as a part of the extensive improvement _ 

d Central 
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SUGGESTED EXPRESS STREET, MARGINAL RAILROAD AND FREIGHT ‘SHED 
TO BE LOCATED ON OF. 


th practical of the arcade are. better ‘exemplified 


“ing along the ° northerly side of Vesey Street, from. West. Street to Weshing- 


ton Street. . Vesey Street, are has width of. about 56 ft., and it was pro- 
by. of the. opportunity which 
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By. ) increase the street 
width abo The Telephone con the project to be 
mS on 1 account of ‘the restricted space ¥ which would result for build- 
ae ing purposes and, as a compromise, ‘Proposed that if the street widening was _ 
abandoned, it would give the city _sidew alk privileges within the building 
to a width of about 20 ft., as ‘shown in Fig. 5. Hitherto, the street arcade g 


been regarded as somewhat impracticable because of what appeared to be 
serious difficulty in acquiring, under formal proceedings, a form of title that 
would enable the city authorities to construct sidewalk without at the 
game” time depriving the owner of rights. that 1 ‘might be essential to : a conve- 

nient or proper use of his property. The studies made in this instance dis- 
closed the practicability of effecting an adjustment fair to both parties, and of 
establishing the legality of the procedure. — It should be noted, however, that 

such proceeding ona scale which affected several properties 
would have to be developed along lines adapted. to each individual parcel, — phat 
Southern Europe, the arcaded sidewalk seems to be quite common, par- 
pita - ticularly in cities where the climatic conditions are such as to make its use 
advantageous as a protection from severe snowstorms. _ The most notable 

k ar example i is the rue de Rivoli in Paris; this street has a width of about 70 ft. 
and the buildings on the northerly side, through a considerable part of its 
length, have been arcaded and the roadway correspondingly widened. — Other 

~ excellent examples in Paris are found in the rue Castiglione and 1 rue. des 
= es ‘Pyramides. The former street has a width of about 75 ft. and the latter of 


about 40 ft., and the ay cogs of both are located wholly back of the building | 


—~ 


seems evident ‘these ‘examples, as in a, that the: arcade 


of “business “property increased. 1 The type of | 
skeleton “frame building common use for office and ‘commercial 
poses leds: itself admirably arcade development, and with an effort t 
adapt the arcade plan to each, it would seem that ordinarily its ialaligction, 
= not involve a large. cost for the rights required. 
‘The 1 automobile parking problem is also as vex vexatious as that relating to 
moving traffic. ‘The line of parked cars along each curb, whether ‘scattered 
or clustered, whether standing for a few “minutes | or for hours, constitutes to 
alli intents and purposes the occupancy of what might otherwise be two lanes 
for moving traffic. If the arcade principle comes to be. accepted as the “most — 
practicable remedy for congestion where property values are high, it would 
seem logical to extend it in such a way as as -to place the sidewalk « on the second 
level, with bridges across intersected streets, and to devote the] lower arcade evel 


to parking use, thus not only increasing the roadway space, but also s separating 
he grades for pedestrian and vehicular traffic, thus greatly increasing the safety 


vs 
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ba Ina recent study of the. of ‘the arcade treatment. for the north 


ment of space to “roadway use would nearly double the number of 
available t trafic lanes, and from every point of view ‘this method w was ‘the: 
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most practicable for the “economical and d com 
_ Heretofore, the traffic relief ‘problem has been regarded as one in es a 


Police Department was primarily concerned, ‘but it: would seem that it 
_ has now assumed such proportions that the ‘engineering service must take * 
the 1 lead in providing a solution, The recognition of this. responsibility 


the p profession should bring about the freeing ¢ of the streets for the traffic : needs 
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EXPLORATIONS IN THE DESERT REGION. 


Two years a; ago, about this time (J January, 1922), the speaker sailed across 
the Pacific to join the » Third Asiatic Expedition, which was then planning 
ex xplorations Central Asia. Considering their scientific possibilities, the 4 
are regions of Central Asia are tl the least: known of any traveled regions of of | 
the earth. Ju ging rom many indica ions, 1a has been a continent o arge. 
h. Judging fi dications, Asia has be ntinent of | 
extent ney favorable conditions for the development of animal life for so many — 
geological ages that it should prove to be a particularly promising ground for er 
- investigations, ‘not only | into the geologic history of the continent in 
but also into the: succession of different forms of animal life. Long ago, 
ions in America unearthed many rare and interesting forms, the 
relation nd "genetic connections of which were not. by any means fully 
"represented. Breaks in the series seemed to. point to the "possibility of 
parallel development: similar forms i in other regions, at times" quite 
independent of those North America, 
nected with them. ‘those acquainted with the geological evidence, 
“appeared reasonable to believe e that there w was, in different epochs, a land 
“connection between North America and s some other continent probably sce 


ine 
the Bering Sea region n from America to Asia. 


aasa ‘likely field in which t o find the ‘complementary 
and events belonging to a more complete geologio a1 and life story. Ancient 


animals of many kinds should be found man also, if ‘perchance 


Ses as 
_ Obeervations ‘and evidence that may lead to a a better understanding of the 
s of the earth—these are the logical objects of an any scientific expedition. 
This is sagtrtie is meant, in a broad way, by looking for the “missing link” y 
here are in all such unexplored regions many kinds of missing Jinks, 
and to the geologist, the paleontologist, and the geographer, the task is s to. 


search: them out, ‘determining what they are, and find their meaning. Thus, 


Gee may one slowly arrive at a better explanation of the way things have come to = “sy 


as they are. This, i in fact, is what the Third Asiatic Expedition set out to do 
he region ¢ chosen: was Mongolia. it was found possible to 


 * Abstract of an illustrated aigiveas cemmase at the Annual Meeting of the “Society, 
January 17, 1924, published by permission of the American Museum of Natural History. a 
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ECONNAISSANCE ITINERARY OF THE THIRD ASIATIC EXPEDITION, SEASON OF 1922, COVERING A TRAVERSE OF MORE THAN — 
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_-BXPLORATION IN CENTRAL ASIA 
aN If this was to — a comprehensive scientific reconnaissance, it was evident 
that the pa arty should include a geologist experienced enough | to interpret the 
meaning of rock formations, a geographer versed in the sigtifcance of lend- 
i. scape or surface features, and a paleontologist w whose knowledge of fossil types: 


was ‘sweeping er enough to | grasp the significance of new, unheard- of forms that 


might” be found | in the strata. As m many specialists as the Expedition could 


ol o carry might be added to cover other scientific fields. As } a matter of 
tee Pir fact, it is s practicable to o conduct a reconnaissance with comparatively few men. 


Six Americans s made the technical party; there was, _of ‘course, a much 


the “larger ‘group nitive helpers, “Transportation was by means of five auto- 


mobiles and a large camel caravan. All these were organized into a ‘recon- 


machine the movements. of which were planned and correlated for 


crossing re- crossing, for. eiving an intensive inspection to, the 


With an organization, it was-possible for the scientific 3 members of 

the party to pass “rapidly” over unpromising ground to travel without 


<p exhausting effort over long stretches of hopeless territory, 80 that time might 
be saved for ‘more important points of : exploration. — In this way probably as 


much ground was covered i in a single season as normally would be possible in 


veel several years. _ The caravan was the train of supplies; as they were gradually 


ad relieved of their burden - in. the desert, the camels took v up a ne new load to 4 


brought back to the laboratories for scientifi study. | 


ae The Third Asiatic » Expedition was 10, pleasure junket, Each man kn 


well that if f any | success whatever, was 3 to be attained, the responsi- 


and ved two great mountain barriers ‘that | bar the way of the traveler ho 


would approach this region from the plains is of China. At ‘Kalgan, the last 
large outpost of Chinese civilization, n, one ‘stands at the foot of the second 

barrie r. F rom the 1e top of the pass: leading: ‘through and over this | last ot | 
tiem: one ean look out across the sweeping, graceful lines of the vast basin of 
+) the: Gobi; as far as the eye can see, and for hundreds of miles beyond, there 
Theis only open, desert-like, or semi-desert 
en For five » months the » party traversed this ‘region, after the first day never 


touching a a single cultivated field or. seeing single green thing raised 


 Tamaseries, and § shrines of the nomadic Mongolian “people, with 1 their 
flocks, move wherever - they» will), Here's and there, the monotony of plains | and 


in ‘that t give some Except’ for ‘this, the open Gobi country away 
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he observations 
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problem was simple enough, but if there were any scientifje facia to be 
ae pe re gathered from the Desert of Gobi, some of the evidence must Pe 
3 
— 
— 
a 
» 
a 
— 
geologic story was a Diank, Dut as were gathered in the 


“course of the ' summer, they finally 


a connected stor story 


‘the continent of Asia not as now, but a 


| types te one time, 

s that 

tter of putters tierce that broke the continent into blocks and riteed the central 
8 “segments thousands of feet above the level of the sea. ~The ‘central portion 
of this ‘upraised area, however, sagged down and made a great spreading 
g auto- § shallow basin, so that the streams, instead of flowing away to the sea flowed 


inward, and began to’ deposit sediments there. ‘Irregularities of the ‘basin 
ed for flows; due to ‘unequal sagging or to the’ adjustments of smaller broken blocks, 


| gave opportunity for much of thickness in these deposits, | laid down 
o, the 
a - ¢ on the erosion plain which aforetime had been the surface of the continent. 
and by, after depressions of the basin were partly filled, there was more 
ers of 
warping and 1 more adjustment wad changes in to suit the new cond 
18 the processes had then, the history of the Gobi could not have 

y as 


out. In former times, however, there have been periods of 


ble a "greater rainfall in the now “desert 1 region, streams have cut channels into the 
dually - deposits already ‘made, and developed small gorges and gulches, and narrow 
to; be : river valleys. — On the edges of these old trenches made by streams, the strata 
a | are now exposed, in some places down to the ancient floor. At such places, 
ast if one can read the meaning of the ‘strata thus | exposed, an important part of 
ponsi- § the whole ey be 8 Tt is a | story of: ‘arid 


to be of sediments’ layer’ on through of 


back Pal deposition shifted to a new depression, and erosion attacked the spf? ica 
above ‘During all this time, strange animals roved over the continent Asia: 


r who s They were © the masters of the Earth of their time. of ‘Some of them were -fear- 
e last fully and wonderfully made, but they ‘seem to. have fulfilled their mission, 
econd - whatever it was, § and have passed on. ~ Others, succeeding, took their places, 
struc- perhaps an improvement on the ‘appearance and construction of their ‘prede- 
sin of Thus, whole’ races of animals lived out their developmental | destiny 
on the ancient plains” of this’ region while the rocks themselve 8 were being 
made, Reptiles dominated for ‘millions of years, and mammals in the course 
never time usurped ‘their places. Then, at last, almost ‘at the closing day of it 
raised all, Man himself came on the scene, and it may be here that he had his first 
nples, revelation: of mastery. ‘to emed oni 


their All these animals lived on ‘the’ ‘banks. of the same streams ‘that were carry- 
! ing the sediments, and roamed around the borders of the shallow ‘ponds 


lakes into which they flowed. Sometimes, they mired in the accumulating 


muds; ; sometimes, their bleached bones were washed down with the sands and 
gravels ‘and muds, and deposited with them, all “destined to become the 


_ which now are exposed; and, ‘sometimes, their parching | carcasses were over 


sand i in these ancient deserts that 
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EXPLORATIONS IN CENTRAL ASIA = 
“ah ex and left where it is perfectly easy to find them. At 
many ‘different the Expedition did find them—the dinosaur, the rhinoc- 
“SIAL eros, , the baluchitherium, and even flies, ‘Mosquitoes, and butterfly wings—a 
= treasure house indeed. 7 _ Tons: of such ‘material were brought back, and fields 
were located which will yield rich harvests for many succeeding years. eR! 
et -. Some o: of these are forms the like of which have never been found before. 
i These fill g ‘gaps in the tree of life, They are links long missing i in the story, of 
evolution with: which all life of every age has been connected. Others are so 
previously : found either in America or Europe that 
= they s seem to support the theory of frequent migrations, and thus substantiate 
eee the. claim made long ago that. there must have been land connections between 
Thus, one gets glimpse of an inter-relation and interdependence 
wo shail: worldwide in extent, and begins to appreciate that the discoveries an 
Central Asia form a vital part of ‘the i incomplete record of the story of life. ‘AT 
«J 
different life form has a surprisingly definite stratigraphic position 
= the geologic column. ~ Those found in the older strata are more primitive 
and simple, as if in ‘the relation of ancestors to those of later time. . The 


strata in which they ai are e buried, been formed from one age to 


_._ Thus, it becomes practicable to arrange the whole series and to sub- -divide | 
sf this complex assemblage of ‘strata into definite formations and equally definite 


the of many different places, nearly all parts of this” 


life zones. In this way, in a region where ¢ there was ‘only “sand” | “rock” 


; s before, there has co come to be an intelligible geological structure with a definite 


readable history, making one of the larger. contributions 1 to the understanding < 
the geological story of the earth. LHe op hottie 


_ Mile by mile of the traverse was charted to scale. _ Distances were recorded, 
and the aneroids were read for every important change of level, so that when 
all these readings were plotted, they | yielded a profile of the country. _ Mean- 
while, ¢ every outcrop of rock was ‘scanned and if possible its significance - deter r- 

mined w with dip and strike, : so that when these « data were added to the profile, 

t grew into a continuous record of the structure, of the ‘country. The 
ae books, of which Figs. 2 and 3 are samples, cover more than 3 000 miles of such | 

Beologic, section ;, not a tile was slighted. Wherever possible, route maps were § 


n the same. systematic manner, and 


= 


the country in 


been. a stability, throughout the ag age of 


reptiles, and the ‘subsequent ages of mammals and man. During all this time, 
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toppe d areas were made in 
‘2 tion stopped for a longer time, special s udies 
ag gee even greater detail. These have become the key studies of the Expedition ar ‘ 
form the basis of final determinations in the structure and stratigraphy o 
region, the skeleton or framework around which the more elaborate 
is built. Thus; one finds indicati 
those ancient times, with its climate 
Fag 5, Si On the basis of all the evidence, there is 
hitherto was, surmised,, that: Northern Asia has been a con ment cap 
supp 
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‘Fra. 2.— SPECIMEN OF GEOLOGICAL NOTES, ‘COVERING 10 MILES AND FORMING Part 0 

ConTINUOUS CROSS-SECTION. DEPICTS ‘SEDIMENT-FILLED BASIN, CONTAINING SMALL 

Satt LAKE. RELATION OF OVERLYING SEDIMENTS TO CRYSTAL 
Roce FLOOR 18 CHARACTERISTIC, 
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Mean- 
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Fis. 3.—RECORD OF GEoLoaicaL RELIEF FEATURES—A CHARACTERISTIC ANCIENT 

‘ ‘ORMATION, THE GRAYWACKE, IS CUT BY GRANITE IN ForM OF DIKES, WHICH 
ON EROSION STAND As Rivers. SECTION Is ALSO Suown. from. 
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EXPLORATIONS IN CENT RAL ASIA 


open, semi-arid regions 5 prevailed. Climatic changes | came, not unlike those 


. described by Huntington in his ‘ “Pulse of Asia”. 1 In certain epochs, it may 
| een colder and in others, a little warmer than now; sometimes, it was 


s more arid, and, a at other times, it had 1 more rainfall and became capable of a 
supporting animal life in larger numbers and greater comfort. | 


These climatic changes. doubtless. were ‘not 80 very different from. 


6 even within historic time in the desert 1 regions of ‘Asia. They 
been immensely important in the migrations of both lower animals me men, 


; and perhaps to those influences one must look < for some of the impetus given 


on” 5 to their development as well. How » ‘much the human race “may owe to the 
prehistoric hardships of a changing environment that sometimes drove whole — 


populations out of their Garden of Eden, perhaps will never be known. | At 


rate, it is certain that there have been repeated “waves 0: of human 


| coming out of Asia. There must have been literally hundreds of such pulsa- 


tions, both of man and of beast, stretching back distant time that 


of time are at best poorly, founded open to even 
the most moderate on ones outstrip | one’s full ‘comprehension. The longest appear — 
to be the sage nd the span n that ‘reaches back to the founding of the continent 


Whether or not it is wort 


while to determine | any of these is 

for us to ‘say. In ‘making scientific discoveries of f any kind, it is difficult td see ie 

their t boundaries. ‘The bearing of many observations: the significance 


z to be understood— 
2 a and it is possible that as these studies progress, the limits of their application Li 


reach to still mo more re distant fields and. their value be 1 more evident. 


a attempt has been ‘made to discuss. these questions: here, 
work is included i in the geologic chart, Fig. 4. 22132 |. 
Perhaps i it is sufficient to ‘indicate the nature and 


geology of which was almost ‘unknown, , the fling 


The major u underground geological structure: had been 


continuous cross- -section hes been constructed 0 on a traverse of 3 000 miles; and me 
700 84. miles of local geologic and topographic mapping have been. 


structural relation, and ages of the different 


than 


fe 3 


The geologic ilies: for Central Asia has been built up 
compares in range an and ¢ definiteness with — other interior continental regio 


he Ar dae Period to the present. 
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‘EXPL ORATIONS IN ‘CENTRAL ASIA 


Subdivided 


Gobi Series (Obrucher 


Considered all as Tertiary 


Olan and Diske yet if 


Deer, Mastodon, Hipparion, _ 

jung Kureh Struthiol (Giant Ostrich) 


_ Not Subdivided 


Houldjin wot Baluchitherium, Entelodon b 


toth 


to tuo 


= 
Cenozoic 


| ine Dabasu Trachydonts, 
-Dja-doch-ta  Protoceratops (Dinosaur) and | Eggs 


Considered all as Tertiary 


oic 

‘Upper 
Cretaceous 


Fish, Fossil Mosquito, Etc, 


Shamo Serie: 


Khan-khai Series (von Richthofen) 


2 
=: OF 
Cretaceous 


All Rocks below this line are folded _ 


A Great Series of Conglomerates, Sandstones, 
eedo and Shales, with Associated Lava Flows, od 
e-3 and Ashes, carrying obscure Plant remains and se 
Bi locally, Coal, the whole about 20,000 Feet thick. bh 2 

Apparently corresponds to lower Jurrassic of 


Shales A Series of 
dt ‘Slates Ria Invertebrate 


4) 
Granite 
Bathylith 
The The Tola River 
i Series and Slates { 


te 


Proterozoic 


 Schists 
oF 
Limestones 


Te 
Crystalline 
used by Wills in China Comptes: 


Archean 


Hsanda Gol Bauchitherium, Rodents 


— 
— 
— 
"Classification by Geologists of Third Asiatic Expedition 
— | Era |Series|Period] Formation | ChiefindexFossils 
bt 


Ba 


Phe order with the 
‘processes and movements ‘that, have een prominent | in the making of North | 3 


Fossil- bearing sedimentary strata, of ages not to exist 


or have been found, thus adding important new 


fields for vertebr ate fon ms, These bring into view a whole continent 


the development of life” in “ancient times parallels, supplements, and 


a extends» what i is already known in other 3 regions. 
2 


> A dar ge number 0 f fossil forms new t 
= been recovered, So that these fields bid fair to surpass the most famous fossi 


Fe) 
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98d. 


= story. 
This i least a beginning toa fuller understanding of the part played 
y ancient land, the influence of which appears to have been greater 
— 
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TANKS—REASONS FOR ‘DIFFERENCES 


ok P. Eppy,+ M, Au. Soc. 


object of the investigation reported in this paper was to ascertain, 

gon, so far as possible from available information, the reasons for the differences 


in operating results. obtained from Imhoff tanks, in the require- 


ments for satisfactory results might be better understood. _ The plants. at 


Schenectady, N. ¥., , Plainfield, N. J, Fitchburg, | and Rochester, N. 


ae difficulties ; the operating data are unusually | complete and reliable; and all the 


‘Tanks 


‘There are primary of Imhoff tanks : (1) the ‘deposition, in 
i‘ ‘upper or sedimentation compartment, of suspended solids contained i in the 


sewage; ; and (2) their conversion into inoffensive, ‘relatively stable 


lower, or re com- 


process. referred to ¢ as ‘digestion—in the 


length of ‘the detention although tank» may vary 


It is possible that the more prolonged detention period provided. in some 


ae sedimentation compartments, resulting in greater removal of solids, has had __ 
an 1 indirect influence on the process of converting the solids into stable matter, — 


ause of the removal from ‘the | sewage of a larger proportion of the fi 
particles, which a are e more susceptible to digestion. | 
The principal « difficulties experienced in the operation tan 
have been connected directly w with the action going on “in the digestion com- 
partments. part of the tank 1 may be ‘subdivided into sludge and scum 
compartments, "separated only by ar an imaginary horizontal plane passing 
through the slots. © should be recognized that sludge must not be allowed 


o rise to within less than 4 in. of the mK and that scum should not extend 


For convenience, these 


Cone. Engr. & “Bady), Boston, Mass. 
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have functioned normal manner and two have developed serious 
. 
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a 
oh ae. 1ose of greater specific gravity than the sewage, which settle to the bottom, : q a 3 
at ea aoe Presented at the meeting of the Sanitary Engineering Division of the Society, January © 2 3 
27 ritte wi closed with the September, 1924, Proceed- 
in, 1, will be published in Transactions, 


proportion of ‘solids of t the latter. class is small. Such solids comprise gab 


The solids which are removed from the sewage by sedimentation are, 
the exception of sand and mineral detritus from storm water, and certain 
mineral ingredients. a substances are, soon n become, decomposed 
bs owing to the action of bacteria and other diving organisms, or their 7 


In time, ‘these organisms decompose the organic “matter into gases, soluble 
poke el and insoluble material. It is true that some kinds of organic matter pt 


are more easily and more quickly decomposed | than others. The finely divided 4 


solids, which “more largely removed in tanks providing long detention 


periods, belong in the former ‘class; Anstey’ abilos 
oe the products o of decomposition, | the gases escape by solution in the | 
liquid and by passage through it into the atmosphere ; the soluble substances q 
are dissolved in the liquid in the digestion ¢ compartment, from which they 
. ‘a either by diffusion through the slots or by withdrawal of the sludge — a 

either case, the liquid is replaced by sewage from the sedimentation -com- 


partment); the stable solids remain as shu ge and scum in the digestion « com-— 


partment. It appears, in general, that from to the, weight of 


poe 


The digestion of the organic matter results in the production of prac- 
tically. inoffensive which ‘is is generally ‘black, somewhat 


50% a as solids in eludge’é ar 


‘and dries readily when on porous beds of 
sand or similar material. Digestion sufficient to produce these character-— 


ae isties may be considered complete for practical purposes, althou gh this process 


Time i is 3 required to complete the conversion of ‘the: fresh sewage solids into 


+ the length of time influenced by temperature. Tf the sludge 
kept at a temperature just above freezing, scarcely any digestion will take 


place; if heated to. 70° F ahr., digestion. will proceed rapidly. 4g 
Theoretically the well digested sludge should lie at the bottom of the 


accumulation and the fresh sludge at. the top, there being a gradation in 
quality between these two extremes. Therefore, when sludge is 


“northern climates such as those i in ‘the four cities: es under consideration, ey 


partment. sumimer, , when the ‘temperature in the sludge compartment may} 
from to Fahr., digestion i is rapid, as 1s indicated by vigorous evolution 
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2 _ & _ Seasonal cycle. In summer, the sludge may be in excellent condition, deteri- _ 7 


the tat quite in winter, and gradually 

_ proving in the spring. In some cases, ‘sludge withdrawn in winter is. of poor > sl 

; anal quite offensive. Obviously, therefore, the digestion compartment 
a: must be of sufficient size to accommodate the solids deposited i in the late fall, = & tl 


n winter, and. early spring, so that it will not be necessary to withdraw partly _ 


The s solids ai as deposited form a a thin, voluminous sludge. As decom- 
position | progresses, they are disintegrated and, being finer, tend to become a a 
compact. i This” tendency is aided by the weight of solids subsequently depos- 


ited. As a result of these conditions, the mass varies in consistency from a 


thin, watery material at the top toa comparatively thick s] sludge at the bottom. 


spt Gases generated during the decomposition of the solids gradually increase 


in volume until they 1 permeate and buoy 1 up masses of sludge which pass into 
the overlying liquid. — If there is opportunity for the gases to escape from the 


a 
a 
solids i in which are entrained, ‘the solids willl return to the ‘sludge 0 


greater volume than those floating are of lighter 
gravity than the sewage. If the sludge or the scum becomes extremely com- 


there i is not opportunity for the ‘proper functioning of the organisms, and 
the process is greatly -yetarded and may be quite incomplete. 


At some plants much of the ; gas rising in the vents has “produced a light, 


/ voluminous fe foam, due to tenacious films enclosing the gas bubbles. At times, 
2 
= foam has accumulated i in considerable masses, ‘filling the gas vents, , over- | 


flowing their walls, , and spreading out and coveri ing walks and the : sewage mm 


a208 Excessive. accumulation of gas- lifted solids—seum—in the gas vents, has 


been another s serious obstacle to successful operation. In some plants, the 
oF scum has risen above the tops of the gas vents and, in others, it has e3 extend os 


downward practically to the e elevation af the slots. Under the latter condition, 


“partment, from which they ‘escaped with: the e settled sewage, greatly decreasing 
the efficiency of sedimentation. q Mii iw. mist * ANY bas aod 


Under ‘se ‘some conditions ‘the proportion of solids remaining in the bottom 


‘ 
any. ‘solids in the form of sludge without first driving down the scum by 


breaking it with paddles or streams of water to liberate the gas. is Mf scum is 


thus. broken and the solids a are allowed to settle, t they | ‘rise again in a com- 


The the seum by: ‘methotis or by hose streams, “involves 


‘um at ‘Newton, Kans. , and at 


a 
 adigeste 
— 
a 
— 
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the tank has been sO sMmali that 1t has been practica impossibie remove 
have been successfully used for breaking 1 


In some plants difficulty has been in obtaining a 


hough tbe 


these are e practically free from 

a: At Schenectady, the Imhoff tanks first operated in January, 1915, shave 
“never given entirely satisfactory results and have proved to be very expansive 
to o operate. At times, they have produced. great ‘quantities: of foam ae 


overflowed the gas- -vent walls, the free-board | being originally slightly less” 


than 12 in. There has eoeevhaen much foaming during cold weather. The =) 


introduction of lime into the sludge compartment seemed, ‘sometimes, to reduce, _ 
and at other times, to increase, the tendency to foam. , In all instances, it 
appeared to modify biological action in the sludge i in such a a way as to make >: 
During the earlier years, foam was prevented from overflowing the 
gas-vent walls by playing a hose stream on the scum in the vents. Yo This opera- 


tion required labor and at times’ seemed to increase the 


by means of: wooden boxes, which provided a free- board of 
in. The sludge riser pipes terminate in an “open bell about 18 in. below the “ae 
topo of the boxes, and i in the center | of the gas 1 vents. oe ester er gas vents were x 


the necessary to prevent the folie ftom: overflowing the 


gas vents. _ This has resulted in a great reduction in the labor required to 


prevent foaming. Frequent. removal of sludge from the digestion 
has also been of assistance in preventing foaming. ot do: 


There has always” been a tendency for large quantities of scum to form 


in the gas vents. — Some of ‘this scum has been removed through the sludge 


“riser pipes-and,: times, has been comparatively free from odor; at other 
_ times, it has been offensive. During 1922, the scum was allowed to accumulate — 


“throughout most of the year, in order to determine if such accumulation — Si 


would prevent foaming, and if digestion 0 or other actions would finally ¢ cause — 


the solids to into the sludge’ compartment. Foaming was practically 


it extended elevation of the ‘slots, after which solids: 
_ escaped | through: the slots into the sedimentation 1 compartments in such quan-— 


tity as greatly to reduce t the sedimentation efficiency, to cause unsightly scum 
4 
irtments, and to increase the elog- 
ea the | trickling- filter nozzles due to the s solids carried out. of the tanks. 
The experiment was finally abandoned, some scum being shoveled wat of the 
- gas vents, and some being broken by a self-propelling nozzle attached directly 
fire hose. The sludge i in the tanks finally was” pumped out with the  excep- 
of a few "hundred gallons | left i in each hopper for the | purpose of seeding 


solids from r¢ remaining indefinitely as an ‘accumulation of: scum. 
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tanks, with by hose streams to: break up the seum 


tion of scum, it was possible to ‘draw chine irom ‘th e digestion compartment 


- 144 for the whole plant, which treats about 6000000 gal. of sewtige idaily. 

— eoffhe scum became very dense and compact if allowed to accumulate for a 
ie aM long fF period, a condition unfavorable for digestion. © During 1923, when the 
was broken frequently throughout the warmer season, digestion 


appeared to proceed. moderetcly, but not ‘vigorously. ‘The sludge 


contained a memnndhdini small proportion of solids and showed that. en 


had not progressed to the necessary y degree of completion. 


The sludge at Schenectady has always been comparatively thin and has 
rere not dried as well as at some other plants. sq Dating. the ‘summer and early fall, 
it has usually not been offensive; ‘during the winter and early spring, however, 


is Senne to have been reduced to such an extent that the sludge Ne 
exceedingly offensive. Although. ‘there has_ been comparatively little odor 


bout the tanks, the slight. discoloration of paint on the wooden boxes i is 
evidence that some hydrogen sulphide has been liberated. fay 


At Plainfield the Imhoff tanks, first operated in November, 1916, have been 


| - subject to ) excessive foaming, and a great deal o of scum has been removed from 
the gas vents in order: to. maintain the plant in efficient and presentable 


During the early years of ‘operation, ‘foam overflowed ‘the gas- -vent walls | 


‘Continuing desing at least one winter, it rose in the gas vents, 


aun froze i in ‘conical ‘mounds i in the form of stalagmites that extended 4 ft. a 


i 
_ Numerous methods to prevent foaming were tried, but none was” entirely y 


‘successful. After about two and one-half years: of operation, a Rienseh- p-Warl 


in. slots 1 provided for screening the i incoming sewage. 


all the tanks: cat once ce to > only at: a) » time, in n order to: increase e the velocity 
jeff flow through those ‘used, and thus | obtain a more uniform distribution of 


th, 


- conte The remaining ‘three tanks were kept detached, Jin order to allow digestion 


: - proceed undistu rbed. The tanks were operated in rotation, the schedule 


day, thus allowing’ each: tank to. receive sewage for: three. days, and then to 
be quiescent for three days. Although foaming has been reduced ‘since these 


eri tally al the solids again rose into the scum compartments. =~ th 
_ ae _ The labor required for liberating the gas from the scum, whether by use | 
ey Bae _ of paddles or hose streams, and, in fact, any work required in the gas vents, 
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scum a preventive measure, i Irom 

sludge vents by manual labor. It is said that objestiohable odors have bee 

forma- to the Imhoff tanks. The: sludge has always eontained a ‘comparatively ‘small 


kt Fitchburg, the Imhof’ Ghieh’ ‘were in October, 1914, 


by use [| have been free from persistent foaming and excessive : scum formation api is. : 


During ‘August, 1915, Tank ‘No. 1, which had been in continuous use since 

r tank, | the | previous October and had had some sludge withdrawn, became very active. — 

rose to. a maximum height of 43 ft. above the sewage level in the 


for -eentrall gas vents which are about ft but did not appear in the ‘side 


en ‘the vents, Shortly before this, humus tank sludge had been introduced into this 
restion unit. The sewage was shut off from ‘this tank, in order to make repairs, for 
od was about two. months. After operation was resumed, there was no further trace 
or. It id foaming throughout. the year. Another tank which had been operated 


restion parallel with Tank No. showed no signs of unusual activity, 


Be During June, 1916, foam rose 18 in. in the east row of side ‘vents of Tanl 
id has and overflowed into the sedimentation chamber. Disintegrating the 
ly fall, with a water-jet had no permanent effect, but the drawing 
dge is J oo During August, 1917, after a ‘week of very hot weather, there was son = 


odor foaming in the central chimneys of Tank No. 5. The ‘sludge compartment 
is [Was found to be filled to the ‘slots. After sludge was withdrawn, the foam 


ay subsided and action became normal. The dates on which foaming has occurred 
ntable 
walls 
ft., or 
is, and 
above 6 August 7 
4 “| | | |] tom 
ntirely 1921... fe) None June4 | None, None 
using 
elocity eniekiany' no effort was made to break up accumulations in 1 the gas vents; . a 


Scum has not accumulated sufficiently to ‘cause much trouble. 
restion quantity has been removed from a few’ of the gas vents, i in order to reduce 
pressure on the walls. The record of removal of scum for ‘the last three 
¢ cu. ft. from Tank No. 2 


oO Thy 


10 from Tank No. 
om Tan nk No. 'B 


rag 
‘tment 
- 


DIFFERENCES IN BEHAVIOR Pa 


and to stop it by sludge. b 


‘There has not been. any y odor from the tanks pi that due ab. the exposure th 
rE ee of: the fresh sewage to the atmosphere. The sludge at Fitchburg when drawn ae 


has been practically free fi from 1 objectionable odor and has contained a com emi 
paratively large proportion of f solids, When applied to the. sand beds, it has § i 
Rochester, the Imhoff tanks of the Irondequoit Plant, first operated 4 

a March, 1917, have only once given evidence of excessive foaming. This 
Be. ya in a single tank that had been allowed to become filled to the slots B 
_ with sludge. The scum in the gas vents | has been removed from time to time, om 


$0 that it hay never risen much above the level of the sewage in the sedimenta- 
eS There has been no odor ab about the t tanks other than that to be. expected from ah 

to the atmosphere of the sewage in the sedimentation compartments. 

The sludge has contained a a large proportion of solids, has been free from 

_ Although equally complete data are not available for all. the plants, -gome 


regarding the density. of the sludge may be obtained 


Exclusive of one abnormally low determination. : 


Ge Tis comparing the figures in Table 2, it t should be noted that the Plainfield g 
sludge was drawn during the winter and may not have been in as good condi- 4 


tion as during the summer season. . The sludge | drawn at at ‘Schenectady and | 
Plainfield appears to contain a “much smaller proportion of solids than that 


a _ from the other two plants. ; If it is fair to. assume 7.5% solids for the former ; 
and 15% for the latter, the volume of sludge drawn at Schenectady « and Plain- 


field would be twice as great as that at Fitchburg ‘and Rochester for the same [i 


‘Data | are not available for an accurate comparison of. the time. ial 


wr the several sludges to dry to a definite extent; ‘there have been instances 


% at each plant of drying in as short a period as 10 days for a depth of application 
of about 10 in. In general, sludge beds | are filled from six to ten times per year. 


Consideration of. all available information leads to the conclusion that the 


_ Schenectady. and Plainfield plants. have 


— 
| to foaming and to scum formation 
ae that difficulties due to foaming and 1 It appears to] ey 
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8. “DIFFERENCES IN BEHAVIOR OF IMHOFF TANKS 


manner, as those at Fitchburg and Rochester. Tt should be remembered, hhow- 


of 


drawn discovered, will explain the divergence in obtained. 
possible causes of differences in performance of tanks at the 

it has cities will ‘be: considered : under five headings, as follows: 

menta- Tank Design; and bai. 
eet tadt ‘Method of Operation, ar 3 5° HE 

ee HARACTER AND COMPOSITION OF SEWAGE hie 

from sewages at Schenectady and Plainfield are” from separat 
at ae ania those from the other cities are from combined | systems. 


Sewage from combined systems" contains considerable ‘quantities: of solids 


washed by t rains from the ‘Streets into the ‘Sewers. Grit- ‘chambers have gen- 
, Some e erally been provided with combined systems | in ‘order to | prevent ‘the heavy — 
tained mineral detritus from: entering ‘sedimentation tanks. Such chambers v vary 


greatly in efficiency according t to their design and operation. Grit- chambers 


garish |= remove much organic ‘and ‘mineral detritus, but probably all allow 


considerable material washed from the streets to. pass into the: tanks. At 
ay _ Fitchburg, this condition was so prevalent that it has been necessary to remove 
«The fine mineral detritus and the organic ‘matter from the streets, when — 
a 9 - ha with t the sewage e solids i in the sludge compartment, may tend to weight 
m. them down and thus. lus prevent scum formation to the same extent as in — 
Teceiv ing separate sewage. is s probable also that the volume of produced 


= 


lain the 


There does not appear to have been much difference in the ‘comminution 


suspended solids at Schenectady, Fitchburg, and Plainfield. ‘Sine 


mm that : stallation of fine screens at Plainfield such matter | has largely been prevented __ 
former = from entering the tanks. The difficulties due to formation of scum which © 
‘Pla } | appears to be favored by a large proportion of uncomminuted solids have been 
froublesome at Schenectady a nd Plainfield, and at 
a ge reac ing’ r e plants at Schenectady and Fitchburg is com 
stances paratively fresh, ‘possibly somewhat: less so at Fitchburg, where: the sewage 


ication 
year. 
nat the 


| Passes through a 30-in. inverted siphon, 5 300 ft. long, in which some ‘solids 


5 are deposited, ecomposition of organic matter takes place to some extent ys. 


the si siphon. d At Plainfield and Rochester, the sewage is stale. The Schenec- 3 


ever, that some 1oaming has Occurred On OCCasions and tna nas 
extent at the Fitchburg and Rochester plants. ‘These facts indicate 
that similar underlying conditions exist at these plants and also emphasize em : 
Ree 
on 4 
ia 
a 
a 


ERENCES 


ome treat: fresh 

respectively. ‘The Fitchburg and Rochester ‘plants 1 receive ‘ 
fresh and stale sewage, _ respectively, and yet practically no difficulty has been t 
doit ndustrial Wastes. -—Although at times the Fitchburg : sewage has contained fF , 
small quantities of paper- -mill, wool scouring, ‘and metal. trades wastes, indus- 
on trial wastes do not appear to have been present in ‘Sufficient quantity a ‘this 


or any of the other sewages to affect greatly their composition. 


-; ee Effect of Quality of Water Supply. —At Schenectady and Plainfield, the a 
Water supplies are comparatively hard. At Rochester, the water is nearly as 
‘hard as at Plainfield, and, at Fitchburg, it is distinctly soft. 


The hardness of wine “supply results large consumption of 


= in the formation of a correspondingly sven proportion of insoluble soap 


_ oF soap precipitate, as indicated by the results of a theoretical computation 
ries 143° 


given in ‘Table 3. These figures are. based on the assumption that the same 


ies from 
lent to 2.7 to 15. 8% of the suspended matter in the sewage. 


TABLE 3.—PROPORTION OF INSOLUB AP IN, SEWAGE. 


Onn bias tod? of og 


Sewage flow, in gallons per r capita per ORE! ke 89 18 wile 
Hardness of water supply, in parts per million. You 6 - 
Water softened per pound of soap, in gallons* 210 | 67 
Assumed volume of water softened, in gallons per capita per day.. 
_ Soap consumed, in pounds per capita per day 0. 0.0048 | 0.0149 aa 
Inso luble soap producedt, in pounds per capita per day 0.0084 | 0.0104 
a Total | suspended solids, in sewage, in parts per million 2 (Tt 
‘* grammes per capita per day... 
Proportion of insoluble soap in suspended solids ba: on paris be si c 
per million {15.8 
of insoluble soap in suspended based on grammes| 


2 


7% 


* Based on Table 5, “Value of Pure Water”, G. C. Whipple, p. 26. 
1.0.7 Ib, per Ib. of soap. douin apod evad of Jom 


ie _ The soap precipitate in sewage is finely di divided and of light specific gravity. 
a It “may be a factor in the production of foam and ‘scum, In cities 3 supplied 

= with hard water, it obviously adds greatly to the normal quantity of suspended 
solids to be removed from the sewage and digested. 
anne of Sewage.—The strengths of the sewages, measured i in parts per 


of ‘suspended solids , are remarkably similar at Schenectady, Plainfield, 


at Fitchburg, the | sewage is considerably | than that 
erage grammes per capita in separate sew- 


The, 
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5 ita in ‘the combi 
ages and 75 grammes per capita in ‘the combined sewages. 


“TANK 


ceive a, 
been the ones sewages, which | may y be accounted ‘for ty detritus a and other matter es 


washed from the streets ‘during storms. This proportion is in close accord 


ained with a number of estimates made in the past. 


a The qui ntity of suspended solids in the sewage, however, is not the only | con 


- sideration, t the proportion of these solids removed by sedimentation being equally a = 
= j 


important. proportion removed varied from 44% at Rochester to 16%* at 
Fitchburg. ‘Although the Fitchburg sewage wage contained 32% more suspended 


solids, in parts. per 1 million, than Plainfield sewage, the! parts per ‘million 


of solids deposited ii in the tanks were 88% greater. If th the volumes of se sewage ¥ ad 
and 1 the tributary populations ; are 1 taken into account, it will be seen that the 


% - Fitchburg contribution i is 56 grammes per capita 1 per day, o or 98% greate than — 


4.— in SEWAGES AND DzEposirep IN TANKS. 


ond SoLips IN Percentage} Dr- 
inj Sewace. of GesTION CHAMBER, 
lon by sedi- | parts 
on. capita |mentation.| per 


Plant. 


Population 


% 


TENT OT 
Schenectady 1922 
Plainfield. . 1922 

Fitchburg . 1922 
Rochester. 1922 


o 


af 
4 


3883 


Fy 


— * Due to some question as to accuracy of the figure of 266 parts per million obtained 
for 1922, 219 parts per million the average for the 6- Pyeae, —_— ((1915- 1920, inclusive), en 


=r. in derived from. ‘the records for 1915 to 1920, inclusive, being 


he wide di 


 compartagenté: as well as dyes ed of Imhoff tanks on a general allowance 
of a uniform number of cubic per capita. Such differences might be 
greatly increased by the presence of a volume of certain 
industrial wastes i in the sewage. 


‘Temperature hes sscbubilent:iahinaie: on the rate of udge digestion. 
determinations of temperature in digestion chambers have been 


the absence of information | on the of digestion i in the ‘sludge. 


‘eeptic tank: (Table n may utilized to the effect of 
on rate vind It is recognized that this experiment was performed 


sludge 
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a 
the! 
‘ly as 
soap 
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eigh 
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0.0149 
per capita per day 
fference and Plainfield and at F 
ie = ed in the tanks at Schen am 
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prowat 


another “purpose and that conditions were e different ‘from ‘those. in te 


‘principles involved i in 1 the Imhoff ‘tank. hi we 4 


TABLE 5.—TEMPERATURE. or SLUDGE IN DIGESTION -CoMPARTMENTS 


= 


If the volume of gas” is taken as measure of digestion, such action 


was more than three times as rapid between 65° an and q 0°. Fahr. as it was — 


The relation of temperature gas production at Worcester, is 
shown in Fig. 1 If this line is accepted, for the purpose of ‘this discussion, 


as representing this - relation, it ‘appears: that gas evolution practically | ceases 
40 Fahr. , that the mean annual rate of gas production is equal to that 


at 55° Fahr., and that at 70° /Fahr. ‘the x rate of production i is double the annual 
mean. It has been that digestion ‘proceeds at the same proportionate 
-Evotvep rrom Septic Tank* 


of sewage. | annual mean. 


September 


for 
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ay 
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k _ These data have been applied to the digestion of sludge in a hypothetical B 
hoff tank assumed to receive from combined sewage 100 Ib. of deposited 
which 60 Ib. are assumed to be organic, and Bs: 
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mineral | matter. Ith has been assumed also that 30 lb., or 50%, of the organic i 
atter must be digested, in order to produce an ‘inoffensive sludge. is 


equivalent to 80% of the total solids. this portion of ‘the 


"confined to it. With separate sewage, the proportion of 
a proximate 40 of the total solids. 


ewage~ 


f S 


GAS EVOLVED FROM SEPTIC TANK 
WORCESTER EXPERIMENTS, 1902 


‘Pere cent of Gee ovelved and Per cent of Digestible Organic Matter digested 


On these the i Table show the ‘progress of sludge 
‘digestion and accumulation at temperatures ranging from ATE Fahr. during 


and March t to 70° during August. These temperatures are 


The digestion of for the 


of digestion. The digestible solids deposited, are taken at a uniform quan- 


from Fig. ‘and expressed in 1 percentage of the mean annual 


tity of 30 bb. per month. The residue of digestible ‘solids from the previous _ 


months represents the quantity remaining undigested. 


Devember is. first month, after the sludge } has been completely 
& from the tank, in which ‘there is a deficiency in digestion, ‘such deficiency __ 


being 16% of the digestible solids deposited during that month, Teaving 


proximately 5 lb. of residue of | digestible solids or on J fanuary 1 The total 
—— solids subject to digestion during any month consist of the residue 


‘The 1¢ solids digested during the ‘month are computed by the per- 


& centage ge digestion for the appropriate. month to the digestible solids deposited 
in the tank each ‘month. Dares: ‘months in which the digestion 


on ‘the first of the month, in which t the 


100%, this 3 
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such solids in the tank at the of the “This 
- adopted b because the volume of g gas s produced i in the Worcester tank is reported Pr. 
in terms of gallons” per 100 gal. of sewage introduced into the tank during | 


‘The residue of digestible solids at the end of the month is equal to hcg 
total digestible solids in the tank on the first of the month plus | such solids 


deposited. during the month minus the solids digested during the e month 


‘The 1 solids contributed 40 Tb. of min mineral matter 


-clusive, at a | uniform rate per month, sufficient | to remove all ‘sludge at the 


end of October, except a small quantity constituting a circulating load which — ee 


Z does not enter into the computations. . The solids drawn amount to 140 Ib. 
‘ per month, | or 840 Ib. per year, 360 Ib. having disappeared | as the result of ka 
The: cubic feet of sludge remaining i in the tank has. been computed o 
a “the e assumption | that the sludge will contain 15% of solids at the b bottom, tae 
at the s surface, and 124% as an average, 
hypothetical data have been “reduced ‘to terms common use by 
assuming that the solids deposited in in 
- per month. For domestic sewage, this would ; approximate 2. 2 1B per r capita, 


per month. ‘This computation indicates a ‘required capacity for sludge storage 
f 1. 83 cu. ft. per capita, maximum quantity stored the end 
pril. 


—- the sludge ‘and the horizontal plane sheath the slots, say, 20%, 
making a total required capacity of 2 20 cu. ft. per capita. 


_ The’ total ‘sludge drawn per year, assuming 15% solids, i is equivalent to 
The Tate of digestion and ‘the per capita “sludge on 


temperatures 5° Tower th than those used in computing Table 7, are given in 


n indicates that decrease of 5° in tenaperature results 


ina an ‘increase of maximum sludge accumulation from 83 3 to 2.04 cu. ft. per 
capita, which, with 20% allowance for the neutral 2 zone, requires an in- 


in sludge storage capacity from 2. 20 to 9.45 eu. ft. per eapita, not 
re. allowing for storage of any solids in the ‘scum compartment. _ This is an ea 


Py 


a increase of slightly more than 10%, which would be greater if the Giflerence — 
be 


practice the are considerably greater than those assumed, 


Curves A and B, Fig. 2, illustrate the variation in rate of digestion a 
‘evolution of gas, with temperature. The full line, Curve, B, ‘shows t he rate 
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“the digestible matter in the tank and, therefore, also the rate 


2 al digestion ; the dotted line shows the rate of digestion on the assumption 


4 
‘that sludge is ‘not 44 digestion is greater than 
hy OOF Barres 


don Tanks av Temperatures Rancina From 423° To 65° Fann. Tabor 


Month. Temperature, i in degrees | Sludge remaining in tank, 

Fabrenheit. _| in cubic feet per capita. 
tient levsatm Yo di Ob.edt moo ebilog 


isnot opi of 

~ September 


62144 0.33 


digest ody xa anivad f.088 _ di ve .digomm 
x — the lower temperature (Curve A), there is always ¢ an excess of di- 


ay al matter. Therefore, the drawing of sludge does not affect the rate 


of digestion. Curves Cc and show the rate of accumulation of sludge by 

volume at the different temperature schedules assumed, and the effect of 

“yar uniform removal of sludge from May to October. ‘The importance 
« beginning to draw sludge as early as, inoffensive material can be obtained, 


at a proper rate, is readily seen. dotted lines, Curves and 


show the rate of accumulation if. ‘sludge is not drawn, 


Month 


Neutrel, Zone for, 
Temperatures 47.5-70" Fr. 


Sludge(12.5% Solids) 


per Capi 
Cu, Ft. per Capita per 


Ta 


(Curves C and D) 


of 


Pounds of Organic Sludg 


- lo 
Jan, Feb. Apr. “May June July ‘Bent. ¢ Oct. ‘Nov. Dec. 


Fie. 2. or SLUDGE AND Rats or Oneanrc Soups 


the maximum volume of gas is generated at the end | of August. 
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if For the 47.5° to 7 0° Fahr., the sludge should 


e proportioned 1 to accommodate 1. 83 cu. ft. per capita of sludge below the neu-: = - 


tral zone. 4 Curve D shows that the sludge accumulation at 42.5° to 65° F ahr., B 
will oceupy nearly half of such a neutral zone. ‘bk wots 


© 


- It will be noted that, if: the sludge is ‘not drawn according _ the assumed 


A schedule, the neutral 2 zone will soon become entirely filled a an , also, that the 


excessive sludge accumulation will occur when gas ‘is being at a 
high rate. "This combination accounts for much of the foaming that has 


- occurred. at many ‘plants. It is easy to understand also why the drawing of 


sludge frequently causes foaming to cease. 
_ ‘The | temperature during the summer months is of x more importance than 


yearly average temperature, because during these months the largest 
quantity of solids must be digested. It is probable that an ‘unusually low — 


temperature in the cool part of the year, together with an exceptionally high eg vs 


temperature in a short warm ‘season, may result _an abnormally large 
accumulation of digestible solids the period, followed by. very 


during the | months. as was experienced at one 
time at. Plainfield, ‘relatively rare, but ‘demonstrates: the possibility of 


- obtaining conditions that will offset the inhibitory effect of low Gnesi. 


compartments of ‘the several tanks under consideration. determinations 


are. needed before definite conclusions can be m ade relative to. the ‘effect of 
in explanation of the differences i in tank behavior. There can be 


‘Data are available for a comparison of temperatures in sludge 


no doubt, however, that temperature should be considered i in the determination 
the required capacity of digestion compartments. 


TREATMENT OF SEWAG 


At. Schenectady, about 15% of the sewage passes - through coarse racks 


centrifugal pumps, on the way to the treatment plant, ¢ at which all the 
ewage passes through single racks consisting of 2. by te in. bars spaced 13 in. 


the clear. No; grit- -chambers are provided. ‘ot “i i i ode to say 9 oft ed 
At Plainfield, the sewage received only coarse ‘Screening: ‘at the time of 


maximum trouble with “foaming. Later, Riensch- Wurl: screen having 

-in, slots” was installed, since which less difficulty with bee 


At ‘Fitchburg, | the ‘sewage is screened through coarse racks, w 


_-Riensch- Warl screens slots $ in. . in. width. During ‘storms, part 
passes through. a screen having slots. to 


Rochester, fine : ‘screening may account for. the from 
due to foaming and forming of scum ; ‘it certainly has been of assistance in 


"these respects at Plainfield. the latter, inant, however, the 
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by fine screening. i is more easily liberated from g: gas-lifted masses _ 
a ae of finely divided solids than from masses of coarse solids, which tend to — 


interweave and hold ‘together. Fine screening, therefore, may cancel 
3 in reducing s scum formation. In the light of experience at Fitchburg, how- — 
ever, fine screens -eannot be said to be a necessity under all conditions, and. 


i ‘involved. in disposing of, the coarser parts of the suspended | solids by fine 
screening 0 on the one hand, and aby, tank treatment. on the other. There is no 


‘As stated previously, biological action increases and decreases greatly 
oy ‘the rise and ‘fall of temperature. The effect of other factors, however, 


such a as adequacy and character of food supply, ‘moisture, 


oxygen, inorganic poisons, light, antagonistic organisms, waste products. of 


biological activity, and reaction of environment. 


"ee of an Imhoff tank. _ Although evidence is lacking, | there is a ‘Possibility — 


that ‘different sewages p “produce ‘sludges of such different composition that 


resultant variation in the kind of biological action. 
=e af - Light, oxygen, and inorganic Poisons are of. relatively small importance 


i in the Processes of digestion. The > circulation « of liquid between. the digestion — 


corresponding variations are produced in the predominant organisms, with 


the. advisability of installing them would appear ‘to depend on the 


and the sedimentation chambers, and the periodic withdrawal of ‘sludge 


largely bring about the removal of products. of ‘decomposition, and it is 
probable. that the | “self- “poisoning” of ‘ 
‘not an important factor. T 


‘The reaction of the ‘sludge and liqui in the digestion chamber - may have 
A 


eS a marked effect on the digestion pi processes. cae is difficult to state, however, 


¥ oe _ whether excessive acidity | with poor quality of sludge i is a cause or a symptom. 
p 


th ‘certain ‘instances, notably at the Pennypack ‘Oreek plant at Philadelphia, 
Pa. , the use of lime is said to have resulted in marked improvement. in the 
be were? of Imhoff tanks. It is also” possible 1 that large quantities of carbon 

dioxide have a distinct inhibitory effect on biological activity. This 
seems more significant in the case of scum in which. the gases are entrapped, 


With scum, however, the substitution of gas for moisture in the voids may — 


render it less ¢ easily broken by organic activity. than is the case with wet sludge E 


wu ucts of biological activity | and the correspondingly greater opportunity for 
a se elf-poisoning of the o organisms of decomposition - These conditions | are = 


several plants | under consideration can be compared, with a view to! deter-— 


_ than in sludge from which they can more readily escape. 


No’ data are available by thie: kinds | ‘biologiéal ‘action at at ‘the 


the essential organisins in the sludge 


4 


Furthermore, there is much less opportunity for - washing out the final prod- a 


af mpestible wetter wm She tenk. and + 
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ior. Tes seems reasonable to 
‘cog a difference kind ‘of action in the sludge and that in the 


scum. It is conceivable that the tendency » to form scum may be largely du ue 
to the he physical _ characteristics of the t tanks cand to the degree of comminution ae 
of ‘the coarser ‘solids. “Any difference in the predominant kind of biological 


action in the scum, may aecount for the phenomenon | of foamin 

general, two kinds of. decomposition develop First, , the production 


carbon dioxide the splitting of ‘non- nitrogenous organic "matters, 


fermentation; and, second, the production of methane by the splitting of 


_ nitrogenous organic, matters, or putrefaction. — Both kinds of decomy 


be included in the: digestion aft no aba Sth 
ibs The initial decomposition of ‘Solids in a digestion compartment, results 


fermentation a appears to start at a rapid rate. 
tions, however, the character of decomposition quickly changes and methane 


becomes the predominating gas” produced, roughly, (85% of the total volume. 
These stages of decomposition appear t to be like those ‘observed i in the > septic — 


tank, as demonstrated by. the experiments at at Worcester and elsewhere. 
sa tisfactory results will be obtained if biological conditions, such as food - 
and environment do not permit the e change from carbon- dioxide fermentation 


has frequently been suggested | that scum and foam formation, which | 
recently at certain plants has more troublesome than ever before, 4 


illicit 


of alcoholic There is is ample evidence of the presence 


i 


large quantities ‘of such materials in sewage and it is probable that ‘they 


are peculiarly susceptible to fermentation. Whether r or n not thi is ‘an im- 


portant factor in the formation of gas and | scum, such material has been 
very noticeable i in the excessive found at some ‘Plants. wi 
It may be that certain kinds of action, such as fermentation with produe- fs 
tion of large quantities of carbon ‘dioxide, not as rapidly disintegrate, 


_ -gasify, and render soluble the coarser organic ‘substances as other varieties 


action. Therefore, with fermentation, for example, there might be 
abnormal ecumulati of scum- ‘forming solids tending overload 


sludge compartment or to form gas- lifted masses in — quantities that 
excessive: ‘scum formation is: 


‘There is | little information about the biological ‘wetion in com- 


partments. Practically nothing i is known of enzymes, , their origin and func- 
tions, ¢ and the | conditions | favoring their ac action. ‘The effect of higher forms 
of organisms, possibly ‘antagonistic to the digéstive varieties, is also little 
understood. The agitation of for the liberation of gas gives. prom- 
_ ise of. confining the action within the digestion ‘compartment to that which | 


of sludge and thus ‘difficulty in undesirable iolog- 


to obtain | digestion in shallow tanks 


“in this manner, the i ndications are that a much larger sludge 
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be. required in such tanks t greater ‘volume of sludge and 
tendency for seum formation. to. hurts Ly rod 9¢ 901 


e Operators” oe serving as an Advisory 


The physica characteristics of the tanks: are ilustrated by Fig. _Com- 


| 


1922 and not on n populations and flows for which tanks were teat rh ya 

gost od? of sh io soltsoqorq to gpodoubony 
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Partition Wail 
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fA ‘The tanks. differ in length, from 64 ‘ft. at it Plainfield, to 110 ‘ft. at Rochester. , 
fact that most’ of the solids settle comparatively near the inlet end and 


Pap 
det 
- 
‘ & of the investigations being conducted jointly by the New Jersey Agricultural | ©° 
=  . Experiment Station, New Jersey State Board of Health, and a committee | P28 
di 
= 

8 

itm 
| 
i 

— 
— 


DIFFERENCES OF: IMHOFF TANKS 
the length of tank. On this account, a comparatively. short 
tank may be more advantageous than a jong one. 
The: digestion epece in the tanks at ‘Schenectady by parti- 


com- 
‘Fitehburg plant, although buttresses are. used in the upper part of the side 


compartments. The digestion space of the Rochester plant is sub 


divided into three compartments by partition walls. 
y t is important to distribute the sludge ‘throughout the sludge storage 

as uniformly as possible, in order that part. of the tank 1 may 
z fully serve its } allotted purpose ‘and that no part 1 may be overloaded. During 2 


the sludge was collected i in the first hopper, er, and a large part of the remainder 


= 


pe Reversal of flow multiple-hopper tanks assists in the distribution of 
= Further in equalizing the accumulation of sludge may be ob- 
- tained ny permitting it to flow from or one hopper to another by | gravity. At 
Schenectady and at Plainfield, the only opportunity for ‘the sludge to flow 
-* one @ hopper to to another is, ‘through ¢ the ‘small: opening in each of the 
partition | walls. As” ‘these openings are only about 2 ft. square (they are 
smaller at Plainfield) ‘and are some ‘distance above the bottom of the tank, 


opportunity for equalization is not ood, particularly in the plant 


= 


Teach one of the central compartments, ot 
4 


in which the sludge must pass through three such openings to 
At ‘Fit tchburg, the. opportunity for the ‘passage of from one com- 


: partment to another is much better, the o nly interfering ‘members being the 
transverse beams and side-wall buttresses. ‘The elevation of the beam ms prac-— 


tically coincides w with that of the assumed neutral zone. The most ‘restricted _ 
oe space for the flow of sludge is between the ridge separating the hoppers and 


the transverse beam, and is approximately 2.3 by 26. 0 ft. in vertical cross- 


a large opening between the. sludge compartments affords 


‘ 


Among 1 ank 3.—It is as important to obtain te 


where it. is evident from observation and analyses that one battery of tanks 
_Teceives sewage containing a much. larger quantity of suspended ‘matter 


coarser solids than the other. A less marked, 

of ‘solids, has occurred at Fitchburg. 
epth of Tanks. —The | depths s of the tanks ge the surface of the sewage, — 

aa the distances below and above ‘the bottom | of the assumed neutral zone, — 


are given in Table 9 sniatuoo. blonaiall bas 


An essential difference between whe good and bad- “acting tanks is is in ‘their 
The | 


the early days of operation at Plainfield it it was found that. more than half a 


in the second hopper; reversal of flow resulted in a similar distribution of 
sludge in the hoppers at the other end of the tank. ova or no sludge was @ 4 a 
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| 


influence of depth of tank on 


order to” form an accumulation of scum the top,—and that this prolonged 
“% travel affords opportunity for the escape of the gases after which the solids — 
return to the bottom, thus” avoiding their accumulation as scum. 


"TABLE 9.—Deprus or Tanks anp ComMpaRTMENTS. 


Maximum depth, Maximum distance, Maximum distance, 

« feet, below surface | in feet, below bottom | in feet, above bottom 7 
ey ‘of sewage. tty of neutral zone. of neutral zone. — 


Thee the : sludge has accumulated to the level of the bottom of the apa oe 
zone, the possible length of travel is greater at Fitchburg and 


"Rochester than at Schenectady. At Plainfield and Rochester, the lengths 4 
+ ee wari OF. Jt 


f travel are practically the | same. It is perhaps more significant, that during 4 
Wi 


of the year, when the of s ludge sho uld ‘be 
below the bottom of the neutral zone, jloataey at Fitchburg and Rochester, : 


the length of travel at these plants i is much greater ‘than that at Schenectady A 


‘In the deeper —_ the gas is generated under greater pressure and the 

bubbles entrained in 1 the sludge are ‘subject to considerable _ expansion (on 


rising, thus possibly aiding in their “escape from the olids ; likewise, there 


is a deeper accumulation. of sludge, which tends greater density. 


‘The maximum possible depths of sludge. at ‘Fitchburg at Rochester 


me ‘approximately twice and four times, respectively, as great as that at 


The greater depths of the at ‘Fitchburg and ‘Rochester appear to 
explain in part the absence of “excessive scum formation and the compara-— 


tively greater density of sludge at these two plants. 
Sludge Compartments. —Dr. allowances for capacity of sludge 

a by compartments for. separate” and combined sewages are 1. 2 and 1.8 cu. . ft. per 


capita. * This allowance of 50% extra capacity for combined Sewage 1 is | some- 
in excess of the extra quantity of solids in the sewage of Fitchburg 


and Ro chester, which was 36%, but is probably necessary ‘because of ‘the: 
greater proportion of undigestible solids in the combined sewage. appears 


that for the present population, the tanks” have capacities in | excess of 
recommended by Dr. Imhoff (Table 10), The ‘compartments at Rochester 


recommen 


are 43 in excess of his allowance. 
Imhoff has pointed ‘out the necessity of having a larger | sludge com- 
partment tank. Tt has been shown _that the 


‘than those at Fitchburg an 
* 
— 
2 
-.. oft 4 
2 
— 
a 
1 
— 

— 


=. volume of sludge at Schenectady and Plainfield, therefore, would be twice that 
a at F itchburg ‘and Rochester for an equal weight of solids. “IE it is ‘reasonable tae 
y assume that the Schenectady and Plainfield sewages would produce a sludge — 


 —s 15% solids in deep tanks, such as those at Fitchburg and Rochester, : 


the allowance for volume of sludge to be 8 ored i in the Schenectady « and Plain- 
(field tanks as built should be doubled on account of their shallownes 
sludge capacities provided at ‘Schenectady and 


than one- -half that required by this reasoning. 


“TABLE 10. —Caracrry OF SLupcE CoMPART 


Imhoff’s ance modified be- Actual net capac 
d_ | cause of shallow- apacities, in ine neutral sone. 

allowance, incubic| ness of tanks, in cubic feet cubic feet 


= 
Schenectady 
‘Plainfield 
Fitchburg 
Rochester......... 


‘sludge in n terms gross capacity, it i is s important to. recognize 

that ‘it is not wise to depend on utilizing the entire ‘compartment for the 

_ Doubtless, the depth | of. the neutral zone should be etermin 


sideration of several conditions, such a as the depth of the | sludge. accumulation 


proportion of uncomminuted solids. Probably it should be deeper in 


shallow tanks treating fresh unscreened Sewage than in deep tanks treating 


stale sereened sewage. 


net available storage capacity, the effect of the volume of the 


neutral zone from that of the gross compartments, depends on the design of %! oh 
the tank. Thus, | making this deduction, the | gross capacities 
approximately 11% at Rochester and 27 Jo at Schenectady. 

— on ‘the digestion compartment, may be expressed i 

suspended solids deposited per year ‘per cubic foot of its capacity. 

parison of the loads computed in this: ‘manner, based either on the ‘gross or 


net capacity of the sludge able 11), shows that the load at 
At 


“As the aolids lie in the are and allowance 
should be made therefor. During the spring, at times of maximum load, it is 


d in at_drawn at Fitchburg and Rochester. The a 
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not likely that mor 

that digestion has progressed 1 ‘that far, 20% of the solids i in the separate | sewage © 


a and 15% in the combined sewage, dees disappeared leaving (80% and 85%, 
= ] 

- respectively. If allowance is made for digestion and, if the large volume of - 

thin at and Plainfield proportionately the load 


TABLE 11. —Loaps uPoN SLUDGE CoMPARTMENTS 


based on gross based on net sludge} 
Plant. sludge capacity, in Ratio to load in pounds 


er cubic foot. | anes cubic foot. 


‘Ratio to load 
at Rochester. 


i 


Plainfield 


Ps It. appears that the load at Schenectady i is 4. 6 times as great per cubic foot 


es, at Rochester. ¥ Tf the load « on the tanks at Rochester i is assumed to be 
"TABLE 1 12. ‘BY ‘on on ActuaL Net VoLuME or 


honas 30.0 x 0.80 x 2 4 6 wol 


12.3 


_. Of course, the Rochester sludge compartment may be too large, in which 


case, the relative loads by volume would make the compartments at Schenec- 
tady ar nd Plainfield appear to. be. “more inadequate than ‘they actually 
by volume at Fitchburg is assumed as 1, the loads by volume 

‘Schenectady and Plainfield become 1. ‘8 and 1.2, respectively, and that at 
"Rochester becomes 04. It is “not the purpose in this paper, however, 
proper load by volume, but rather to compare existing con- 
ditions at | the several plants i in order to arrive at an explanation 0 at the dif- { 


_ Although these relative loads by volume may be based on a rather 1 uncer- 7 
tain combination of assumptions, they nevertheless, The 
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loads at ‘Schenectady. and Plainfield, as compared with at Rochester 
*itehburg, may explain in part the difficulties of operation at the former 
places. ss If the load on the slud » compartment is too | great, the sludge must 
either be drawn before it has become thoroughly digested and ‘is, therefore, 


ensive, or be allowed to accumulate, thus encroaching on the neutral one, a 


or both. eo The latter condition i is ‘particularly favorable to scum formation. 


Scum Compartments. —F he largest pe per capita volume of scum 
is } at Fitchburg, those at ‘Schenectady and Plainfield —_ only about half as © = 


one 
TABLE 13- —Soum ( 


Volume, in per 9 year per cubic 


 Plainfield.. 

a 

‘the tanks were functioning under ideal ‘conditions, that ‘with 


“entirely liberated as the solids 1 rise, ‘and all the solids in. ‘the of sludge, 
- there would be little logic i in _ considering the load on ‘the : scum | | compartments. by 

Under existing ‘conditions, however, wk ‘such large accumulations of scum, 

| quantity of solids tributary to the scum compartments : should be considered. s 
For the sake of comparison, the loading has been computed | on the basis of = 

“the weight, of ‘solids deposited i in the tanks, no effort being made to sub- 4 


divide the solids into’ those parts which may constitute sludge and scum, 

respectively (Table 18). The smallest. load is found to be at Fitchburg, 
the greatest at Rochester, At Rochester, however, the coarse solids 
rs have been ‘removed by screening, which. may account for the small accumula = 


tion of seum, notwithstanding the “apparent heavy 
Schenectady, over that at ‘Fitchburg, ane. for the ‘trouble 


due to seum at the former plant. ‘wep 


load on the scum at Plainfield is somewhat 
at Fitchburg. Taking into consideration the shallowness of 


a Plainfield tanks—a condition favorable to scum formation—the load may be | 


A great enough to account in part for the trouble due to scum,  nobwithetanding - 
Screening | of the Plainfield sewage. ad | The 


others have argued that the area : should be the areas 


‘Ths does not tell story, however. more logical of. 


so the effect of gas- -vent areas would s seem to re to compare them with the volume 


of tibutary sludge s space, or | better yet rith the e loading i in pounds of sludge : 
as given in Table io got et gil 
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of gas vents, Area of gas vents,| Loading, in of 


j Plant. percentage of 
total tank area, sludge ‘space. vent area. 


these bases of comparison, gas vents at ‘Rochester are much less 


| 


uare feet per | solids per yearper 
ic foot of =| foot of gas- 


Rey 


The load of solids and probably, the gas tributary to to 


the vents, is much greater at Fitchburg and Rochester than at ‘Schenectady — 
a and Plainfield. — The absence of t of trouble at the former plants tends to to support q 
claim that small vents are e preferable, although | the differences in loads 
es cited are not very great. _ At Fitchburg, however, there is a marked difference | 


ae between th the equivalent a area of the : ae. vents and of the central v vents, the latter” 


> 


4 


not indicate a great. in behavior the side and 


There has been ‘slightly more foaming in the latter. ‘The 
evidence furnished by the plants under consideration, is not sufficient 


justify. a conclusion in regard to the | merits of the large 


The theory has been advanced that ¢ gas- Aifted ‘sludge | hitting against the 
bottom of the ‘sedimentation compartment may thus | lose, through 


agitation, a | part of its gas. Thus, a design like that at Schenectady, nk 


makes most of the sludge directly tributary to the scum compartment, may 
— advantageous than the Fitchburg design in which a larger proportion of | 


| gas- “lifted sludge roll or a considerable ‘distance on 


Ps Another theory is that gas-lifted. sludge held in the inverted V-trough ; 
beneath the sedimentation compartment, in the central scum space at 


_ Fitchburg, keeps the solids wet and permits more active digestion than in 
rin _ the gas vents where a greater proportion of the gas may escape more quickly 


ay 
a compact mass of scum be formed, as at Schenectady. 


‘Imhoff tanks should be operated in ‘such manner as best to develop ‘their 


two important functions: The removal from sewage of suspended solids an a“) 

their digestion to a sufficient degree to render them inoffensive when epreal 


drying beds and used for filling or fertilizer, or finally disposed of 


of | sedimentation as far as practicable vith 
‘suspended solids removed ‘from: 
its passa he sedimentation “compartment. 
sho Id be recognised that digestion baal “matter results: from biolasical 
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BEHAVIOR IMHOFF TANKS 
n, and that operating conditions should be m 


the operator to know time time to extent solids 
in the digestion compartment in order that he may compare the quantity of ae 
such accumulation with the ¢ capacity y provided for it. In some instances, this 
can be determined by the ‘measurement and analysis of sludge a: m, but, 
in others, this has proved impracticable, if not impossible. — Where this method = a 
+ is impracticable, helpful ‘information can be obtained from analyses. of tank | be 
influent and effluent and measurement ‘of volume of sewage treated, together 
r. The operator should carefully study the condition ¢ of sludge av available for oe 
drawing, particularly during the early spring, in | order to determine the degree __ 
. of digestion that has taken place, and govern the drawing of sludge accord- 
‘ingly, giving x due consideration » to the relation between the volume of sludge 
on hand a and the capacity. of the digestion chamber. The ‘drawin ig g of sludge 
in the ‘spring should be postponed as long as practicable in to. reduce 
the: of 1 removing offensive the other hand, it must 


sewage be accurately measured. Estimating the tributary population 

_ from year to year will enable the operator to compile some of his analytical — 

=a load data on a per capita basis, which is very helpful in some instances, — 
gray. 


= sludge and scum removed from the tanks should be accurately measured 


the solids determined. It is also desirable to determine the proportion 


| of organic matter in the sludge and scum removed. From measurements and 
analyses, the } proportion on of. the solids w which disappear through digestion should 


3 


“sideration have had technical supervision ‘and the differences i in results ciel 
be attributed to lack of skillful operation. 


This study the available evidence afforded by the Imhoff tanks 


See f ur plants, summarized in Table 15, leads to the following conclusions: oe 


-The mineral and heavy relatively stable organic matter of the combined Fe —s 
sewage at Fitchburg and Rochester may tend to prevent the formation of 


cessive scum and foam by weighting down the sludge. on 


—Coarse uncomminuted solids at Schenectady are probably an 
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TABLE 15.— 


Character of Sewage: = 
Fiow, in million gallons per day..... 

aa Separate or combined sewers....... 
Strength (suspended solids), 

"parts per million.............. 


Industrial wastes............. 


Hardness of water supply, int 


parts per million............. coos | 


in degrees, Fahren- 


‘Screening 


_ Grit-chamber: 
_ Sedimentation period, in hours... 
Depth of Tanks: OF 


ee 


Depth overflow to adjacent 

compartment 

Yubic feet per capita.... 

of hoppers....... 

of intercommunication.. 


Scum Compartment: 
Cubie feet per capita 
rea 
Area, gas vents; square feet per 

gubie foot sludge capacity....... 
Loading, Deposited Solids: 
Pounds per year per cubic foot 
sludge and seum space........... 
Pounds per year per cubic foot 
epee... 
og _ Pounds per year per cubic fvot 
‘sludge space after deducting 18- 

_ in, neutral 

Pounds © per year per cubic foot 

per per square foot 


40.4 


the water supply i is hard, the insoluble soaps fo for 


+ 


BEHAVIOR oF 


Schenectady, 
aE List 


uf 
| ‘Separate 
Fresh uncom- 
minuted 


Practically 
none 


480 


Av. (1922) 56.1 
Max. 64.7 | 


59 
Coarse rack | 


Poor (2-ft. 


bors 


toes 0. 084 


i Plainfield, 


it ‘Separate 


Stale 
Practically 
none 
| 

46-70 ab 

Fine 


‘8. 
ft. 


ft. Qin. 
3in, 


(opening if 
20 24 in.) 


ort 


IMHOF 


Fitchburg, 


Fresh 
iq Small 
@mount 
10 
No data 
_ Coarse - 
racks 


ante 0 in. 
om. 


de Good... 


od 
15 

0.081 


racy! 


1 


pring S als 
82.1 


Tor 


med, constitute a sub-— 


stantial inerement in the suspended solids of the sewage and m 


formation of foam and scum. 


eposite 


SP 
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SumMARY oF EssENTIAL Dara on Imnorr TANKS. 


Combined 


stale” 
Small 
amount 
te 65 


Fine : screens, 
1g-in. slots 


ft. 10in. 


ft.6in, 
ft. 0in. 
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4.—The variation n in the quantity of suspended solids to be removed from — 
different sewages is so “great that the « design of the digestion compartment 
should be based on the quantity of solids to be d 
a general assumption of a definite number of eubic feet per capita. 
bank —Temperature is a factor of fundamental ‘importance in t the ‘digestion 


ed in it, rather than on 
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6.—The capacity of the compartment is governed 


f low 


on 
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Difficulties will be minimized by drawing alndge as in the spring 
as material ean be obtained, by continuing the drawing at arate 
sufficient to provide as small an accumulation in the sludge compartment 
practicable during hot weather, and by removing: before all 


“sludge except that required for seeding. woud 3h, olt 


ited the sewage, reduces the load o on the digestion corre- 
 spondingly, and by removing g the coarser matter ‘particularly favorable + 
scum formation tends to reduce difficulty 4 from that vital oil 
9.—Fine ‘screening appears to have been beneficial at Plainfield and 
Rochester ; although not a necessity, it affords a factor of safety in the . opera- a 
tion of Imhoff tanks, ot sub od oF tid 
aide 10. —The advisability | of installing fine sc screens appears to depend on ‘the 
¥ relative cost of disposing of the coarser part of the suspended solids wlinaeens fine 3 
screening on the one hand, and by tank treatment on the other, 
—It is important distribute. the deposited solids as 
theonghout the compartment; for this reason a 


one of the tank to the wigs 


13.—Lack of uniform distribution of sludge throughout the digestion com- 

- partment may have been an important factor in the unfavorable action at a 


4.—Frequent reversal of ‘flow i ‘is necessary for su successful operation of 
at 
several tanks; failure to accomplish this at has been a factor 


—There_ appears to be a desided advantage i in the greater dail of tanks 
at Fitchbure and. Rochester in preventing excessive scum formation and in 
providing sludge with a comparatively large proportion of solids, 
17 —In the design of the digestion compartment consideration should 
given to the probable density a and iad volume of the it 


we —If tanks must be shallow, substantial additional capacity must i, 


.—Taking into account both the, oad in pounds, of deposited. solids and 


the 
- and Plainfield Tapers to be be relatively much: smaller than those at _ Fitchburg and 
Rochester, a condition offering one of the difficulties at the former 
: 


egar ling 
the of a small and of gas- -vent area is 
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—Suecessful operating results depend as much on intelligence and ekill 
in operation, as as on correct design. od oul ie 

2 23. —Complete accurate . operating data. ‘desirable, and very 

helpful to intelligent a1 and skillful operation. tod” 

—Little is known about the kind of orgat , or the. biological action 
ea Imhoff tanks. The absence of such information has made it necessary to. 
eonfine this study to the structural, physical, and ¢hemical ‘differences: They 
to explain many results Without of biological action. 


by a con- 
; wt 4 dition, ay appear to be ra to many factors which in the aggregate make a 


A wide difference between the two pairs of plants. . The iuinaitiely unfavorable 


(c) of uniform distribution of sludge ‘throughout diges- 
tion compartments; 
(d) Large number of digestion compartments, making it impracticable 


to determine volume and density of sludge in them and difficult 


(f) ‘Relatively large proportions of insoluble: eoape, 


information is s much ‘needed 0 on biological and: physical, 
of the process of digestion, as to the: saa 


1.—Temperatures which prevail i in ‘digestion compartments ‘throughout the 


year in different parts of the country, preferably determined by recording al 
n rey onigpead which should be placed both in n scum and sludge compartments. ‘a 


a reaction, , or hydrogen-i -ion concentration of sewage, liquid i in ideo . 


tion compartment, sludge, and scum. 


a 8—The ‘rate of digestion at different ‘temperatures, when all other condi- 


tions are controlled so that they are as nearly uniform as possible, in the par 


14 Variations in the volume of gases evolved at different temperatures, with 


- “oi object ¢ of utilizing such determinations as an | index of the rate of digestion. 


8 5.—Variation the composition of gases evolved at different plants a and 


temperatures, with a view to utilizing the composition of the gas 


of the of decomposition in in progress. oF 


soa: 6 —Ki nd and functions of the organisms predominating in sludge and | scum 


compartments, respectively, u nder varying conditions such as different reac- 


G 


—The effect of different depths, by tanks in exact parallel in 


oe 


"respects including the loads. 


; —The effect on permissible load, of removing the coarse solids from th 


‘sewage before it is introduced into the tanks, determined by tests: in exact 
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—The effect on permissible load, 


‘to ‘an extent which will cause the to remain in the sludge mass “prac- 
other tests might be suggested; but those enumerated appear to be 

- particularly promising. In order that results may be as conclusive and valu- 


~ able as possible, : it is of the utmost importance that, in parallel tests, the varia- 
bles be reduced, preferably to a condition, such as temperature, depth, 


removal of the coarser solids. sat 
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EXPERIMENTAL DRAFT. TUBES vad 


Messas. Joun R. FREEMAN, F. AND 


JOHN R. Fre MAN,+ Past- Ax. Soo. C. E—It is said that there 

is nothing new under the sun. - About 50 years ago, the speaker saw a turbine — 

outlet that t took cognizance of the principles of ‘the “Hydraucone”. This was 
a Swain: turbine. Richard A. Hale, M. Am. Soe. ©. E., assisted on a test 
such a turbine 53 years ago, and will clearly recall the shape of the 


: outlet passage, which gave evidence that the inventor appreciated | the ‘prin- 


ciple involved i in the design of the “Hydraucone”. 


The evolution of the American turbine the 80. years the 


am. st 


ination on algebraic research and formulas. 
flow, \ which c cause eddies ‘and turmoil, and thereby waste of energy. The 
“4 great engineer a - and artist, Leonardo di. Vinci, nearly 500 years” ago, showed §—— 
that he ‘this: principle better r than some. | 
The path of a of water through a modern od downward 
flow turbine and its” draft-t tube is such a complex of spiral and helix, with 
changing curvature, that a ‘a description of its course by an algebraic formula 
is hopeless. Nevertheless, a designer with common sense and good visual 


St imagination can trace the pathway of the fluid filaments a as he works over a “Ss 


model, 80 as to avoid abrupt changes i in direction a and the: creation of eddies. 
sie "The late James B. Francis, Past- President, Am. Soe. C. E. , and Mr. J o ; 
‘Hoadley worked out on the drafting-b -board the hypothetical pathway of a : 
ticle of water - through ‘the runner of a Boyden | turbine, The late Professor — 

De Volson ‘Wood devoted most of one summer vacation to ae 


_ wonderful equations of flow for that type of runner in which the ) motion | was 


oy alli in one plane, as in the Boyden wheel. After Francis | had pointed 1 the way 
tog greater compactness | of design and to the creation of turbine units of much | 
higher power, by h his inward and downward flow designs, the pathway of © 


a particle of water the turbine too complicated for following 
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mation, m a general way, using a md 
* Discussion of the paper by C. M. All 
continued from April, 1924, Proceedings. 


the next great advances were made Te men without i 
Bene: of algebra or calculus, but | strong and clear in visual imagination, = 


and | possessed of the idea of leading water around easy curves, with carefully By 


- guided expansion and the avoidance of eddies. off The f first of these was Asa MM a 
Swain, a skilled pattern- -maker, and the s second was J ohn B. MeOormick, a ¥ 

The idea of recovering velocity head from the turbine efflux, in the: 

_ modern draft- tube, seems to have originated about 75 years ago with Uriah A. 

- Boyden, in many ways a remarkable, self-trained engineer, with a wonderfully 


ot The Boyden turbine 1 runner being of the outward flow type, his “diffuser”, a 


or head r regainer, could not be applied in the form of an expanding « cylindrical i 
eurving disks; and by the application of these diffuser disks to 
of the ancient turbines i in Lowell, he materially increased their per- 


i of useful effect. The speaker first saw them fifty years ago on the old _ 
turbines” of the Atlantic Mills at Lawrence, Mass., installed i in 1847, and 
reputed to have given nearly 90% efficiency at full gate. 7 
a #F rancis was ‘the first experimental physicist « or engineer to measure 
curately the remarkable effects obtainable recovering velocity head by 
means of gently expanding the cross-section of the conduit; but he did not 
extend wis experiments to cover all the possibilities the expanding turbine 


_When the proposed National Hydraulic established, some 
instructive experiments can ber made for measuring the efficiency of i 
angles of diffusion with various amounts of twists. At present, there is 
abundant proof that angles of divergence are not inconsistent 


a A short. draft. ‘tube and a angle of diffusion: is compelled the 
la The small angle of 11° 

1 | the Fr: rancis s Venturi tube is utterly ‘out of question. This 
tube is required, first, because the practical working limits of 
Ss. — suetion will not permit a greater vertical height than 25 ft. , and, second, by the — 
O. . pan: cost of using a deep pit with a subsequent ascent to the tail- -race. 

Under these limitations of short draft-tube and wide angle, the whirling 
or | | current with its } centrifugal f force is an aid. If the fi fluid filaments were ‘moving — 

1€ a parallel to the axis and without this twist, ‘the current would tend to leave the — ea , 
AS inside’ of these wide angled draft- -tubes and to shoot out in a jet, slightly 


leaving the ‘space between this jet the walls of the ¢ draft- 


| a diffusion and gradual of velocity. fy 
hydraucone is. simply a common-sense device for the 
i to form eddies i in a a short, widely divergent draft- tube, and for gently mi 
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ia anil rounding flare of the internal cone embodies the same idea that 

evolved by Swain in his turbine setting 53 years ago. modern 
designer, aided by mathematics, gives a more scientific shape to the vertic “7 
an ‘section of the passageway, ¢ doubtless conserving the energy more than the 
| Swain. design, in which expansion probably was too rapid to permit the current. 
to follow it without more or less eddying, alt 
It is earnestly hoped that some investigator v will exper iment | on a 1 series of 
of draft-tubes with a wide cone base, having: ‘different. angles of 
=. _ divergency and: provided with a device by which various degrees of twist can 1 


: Pi An excellent means for m: measuring this twist consists of a modification of the 
Pitot tube devised by the late Hiram F. Mills, Hon M. Am Soc. C. E., for 
a measuring vi velocities in factory penstocks at Lawrence. — This instrument is com- 
posed of a brass tube, 1 in. in diameter, , containing : about twenty interior tubes, 
ach about $ in. in outside diameter ¢ and having a 1-i -in. hole. These ‘internal 
ee. 5 tubes were all so shaped a and placed that their ends were brought out ‘through F 
in the main. tube a line and finished 
gave just as good an indication of ‘velocity, pointed up as 
common adjutage or nozzle of the ordinary Pitot dt 4 


When composite tube was inserted through a stuffing-box in a mill 


thes differences i in velocities from center to circumference > produced i 

different: pressures at ‘the several orifices, measured by : a series of glass 

tubes on a manifold scale- -board to which the ‘internal tubes were 


severally connected. The apparatus was fitted with a graduated circle.” 4 By 


av 


4 revolving it, two positions. were e found for any tube, giving pressure agreeing 


with that shown by the outside -piezometers. The point midway on this dial 


these two positions would indicate the direction of current. ‘From 


caer e 


observations on each of the small orifices, the angle of whirl at various points 


from center to circumference could be easily determined. Using this instru-- 
st ment at various factory penstocks, the speaker has found a ‘surprisingly large 


; “ate tt P 
amount of whirl even in a long penstock, if it had an unsymmetrical approach 


~The possible effect of air bubbles must be carefully in ‘draft- 
tube: design, particularly ; in those ‘cases where the tube is. not vertical. The 


~~ speaker has | been ‘much impressed by the remarkably large ‘quantity of air 


bubbles sometimes appearing in the wheel- pit around the o outlet, of “draft- 
j tube: In one of the most notable cases, at first it seemed ‘that these proved — 


the existence of a le ak in the draft-tube; ; but a fter careful examination no | 


such] leak could be discovered ind’ a closer study indicated that they « came from 


release of ‘air previously dissolved in the water and shaken out by the 
Sage agitation during the | passage through the tu urbine, | or discharged by 
the sudden release of pressure during the passage between the turbine guide 


ae the top of the draft- tube, very much as bubbles of gas are released when, 


Ina well ‘designed vertical ra tube, ‘this air, released at the top of 
tbe; is carried along and dis arged without trouble, 
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ISCUSSION ON TESTS ON EXPERIMENTAL DRAFT- TUBES 


‘tity, as is these air bubbles are carried along i in the Frizell or Taylor type of 


| 


‘ical hydraulic « column. -air-compressor but in draft-tubes like | many of those built 


the 


years ago, at an angle of 45° with the vertical, there a: are possibilities that 
ren 


pb large bubbles of air will collect on the 1 ‘upper side of the draft- tube, below the \ 
angle, where it changes | from the vertical to the slope, and that these may a 
seriously interfere with the regulation of f the wheel by creating pulsations, 
which, at times, cause a serious loss of vacuum. to 0.0 
Bes. CLemens Past-Preswent, AM. Soc. Cc. This discussion 


has already brought c out how much more need there i is for further experiments, . 


which reminds the 1e speaker of one of his pet subjects, that | is, , an endowed _ 


‘Many engineers who have made experiments know Row 


‘is to break off just: ‘when one is on the verge of completing a an investigation. — = 


‘it is constantly done. Most hydrauli 
z that very reason ; they stop too soon. The kind of hifdraulid observatory or 


laboratory, bis dile may chose to call it; that is contemplated, may be compared 

to an astronomical observatory, which > is an endowed institution and of no co 
“earthly” use, as might be said, to put ‘it bluntly, but is heavily endowed, 


and ‘consequently is th to constantly reach out farther and farther into 


> 
If there were in hydraulic investigations one mere approximation to what 
geet oraz 7 


is ‘thus done i in astronomy, all engineers’ certainly would be happier. This i 


an appeal to all hydraulicians to support this project in any y and ¢ every 
they can and whenever it comes: to their notice. Already there i is a society fe for 
this | purpose in ‘France; it has been mentioned here—the Hydrotechnic Society 


of Grenoble. Its lee ader—M. Augustin Blanchet—is well known to the speaker. Bi . 


ics Some day, perhaps very soon, these efforts to. create such an endowed hydrau- 


ch 
lie observatory or laboratory, will crystallize i in the United States. 


‘Two apt quotations illustrate the need of an endowed hydraulic, 
ve _ observatory, and of placing it in charge of engineers who will make its opera- eS 


tion their life work. Said Castelli, the hydraulician, in 1628: “* * * these i 
knowledges, though of things next our senses, are sometimes abstruse 


and hidden than the knowledge of things more remote; and much better, and. ae 


swith greater exquisiteness, are known the motions of the Planets, and Periods aes 
| = stars, than those of Rivers and Seas; * * *” And Herbert Spencer bie sad 


A: 


(1820-1908) supplements this, when he says: “The value of an experiment 


depends on the skill of the experimenter”. 


W. ScHEIDENHELM, M. Am. E.—As an onlooker in this battle 


of the  draft-tubes, the ‘speaker desires to touch on one phase which affects the 
interpretation of not merely the tests. which are ‘the subject of the 


q other tests of draft-tubes, ‘This phase concerns the relative and absolute 


accuracies of the test results. The speaker understands 1 that the authors: 
oe believe these results to be reliable within about 0.2 of ‘1%, 8 as far as efficiencies 
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[Papers. 


Referring to Fig. 21,* 


efficiencies indicate a a “difference of approximately > not 


per cent. in 99, if the. two efficiencies of Series S. 2 


_ were corrected to the same power, there would seem to remain sitinenipecey: | 
of approximately 0.6 of 1 per cent. Sans 


In Fig. 25,4. Series 8, -M-5 is | noted 2 as a ‘a check on Series | § _-M- 4; ‘therefore, 


on. the repetition of the test, one would expect the two test pete at about 


0. 228 h .p. to correspond. ‘Apparently, however, there i is a of about 


ion of the pian to errors in the ‘preparation of the diagrams | for this 


--valuable: paper, but, in general, they seem to be ‘due to outright differences i in 


actual performance. The: speaker believes it would be interesting if the authors 
were to give: their views on the question , as to whether the nature of such dis- - 
crepancies warrants taking them into account and whether, in general, the 


- discrepancies are not sufficiently important to vitiate the general conclusion — 
that the results are correct to within n about 0.2 2 of 1 per | 9 nee ae 


Where there is difference in maximum power, ‘the curves must be either — 
a - shrunk or enlarged, so to speak, in order to obtain the same proportionate 


power, but the discrepancies in point: appear not to be due to ‘differences i in 


power. In the first ‘two cases (Fig igs 21 and the points: compared 


a obtained during the same test runs and, ther refore, ‘vole to the same maximum ~ 
Thus, as to Fi ig. 2 the 1 two points of highest efficiency shown 


4 Series §, -H-9 are represented by small ‘circles. 1 If one were to draw : a curve 4 


taking account only the higher of the two highest efficiencies for the 
‘the curve would be quite different from that actually ¢ drawn. Either. one 


of. the two points could be included i ina curve passing through all the Series 


9 points, except only the other of the two ‘points of highest | efficiency. 
The speaker 3 realizes. that, in turbine tests with certain types of draft- 


a critical | condition sometimes is found near ‘the point of maximum 


efficiency, that is is, the ‘combined turbine and draft- tube performance i is prob- 
affected and sensitive to eddies, presumably within the draft-tube. 


The. region of such instability. is not. necessarily at maximum efficiency; 


may be in the region of ay power greater than that at which maximum 
efficiency i is obtained.) In the present | instances, the points | on both sides of — 


oe immediate region of 1 maximum efficiency are consistent with each other ; 

However, ‘it must be recognized that maximum is an item 


ereaty and usually the greatest, importance. Tf, then, one draws a curve 
splitting the ‘differences, so to speak, between two such Beale points as : have 


een mentioned i in the cases: of Figs. 21 and 22, is it safe to assume that th 


resulting power- efficiency at?) maximum efficiency the same 


Proceedings, Am. Soc. C. ovember 1923, Dp. 
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say, within 0. of 1%, ‘as those of the curve the 4 


A. M. Am. Soo. C. —The speaker had his first experi- 


ence in the testing of -water- wheels in 1 June, 1869, at Lowell, Mass., as an_ 


assistant to the late Hiram F. - Mills, ‘Hon. M. Am. Soe. 0. E. Mr. Mills made 


tests of water-wheels of various types ‘and patterns. 
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DRAFT TUBE 
1883 


of the frame and gate ‘of the 


ring conical shape, in order to chan the 
‘Swain wheel was made of a f a ring onical shape, i he 


flow of the water discharged to a horizontal direction with « as little disturbance 
asp possible. This arrangement doubtless assisted in developing a higher effi- 


1883, the Risdon Water ‘Wheel Company 


ia * Engr., Essex Co.; Cons. Hydr. Engr., Lawrence, Mass. = 

American Mixed-Flow Turbine and Its Arthur T. Safford, M. 
Soc. C. E., and Edward Pierce Hamilton, Jun. Am. Soc. Cc , Transactions, Am. ‘Soe. Cc. B., pa 
Vol. LXXXV (1922), Fig. 84, p. 1289. ais "Her 
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52 on TESTS ON EXPERIMENTAL DRAFT- ‘TUBES [Papers 
at Lawrence, Mass. 40). he vertical draft- tube had a total length of 
9 % and enlarged gradually fron 1 the bucket outlets: to the bottom of the 
= : The central part of the draft- tube was of conical shape, forming an. 


annular ring through which the water was discharged in a horizontal direc- 


in the race. This design | was not developed i in other wheel installations 


2. The form of draft-tubes designed by ‘the late Mr. Mills during his fifty 

years’ connection with the Essex Company was based on enlarging the area 

to regain the velocity head of the water and to 0 shave the general discharge i in 
the direction of the current. In the installation ion of horizontal wheels, t 

_draft-tubes were usually inclined in a gradual curve with enlarging area so 

_ that th the final discharge was in the horizontal direction of the flowing water. 


‘The s setting of the draft- tubes of the Risdon wheel bears a strong resemblance ~ 


the “hydraucone” which is now so successfully cused. 


Ih of the wheel installations at Lawrence, ovine vertical tubes, 


| 


in n directing the water horizontally. form of shows 
"the increased development from the experience of the past. It is interesting — 


p vaker to contemplate t the past fifty- five years, during which so much 
Progress been made in the efficienc y of wheels the designs of 
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OCEAN BEACH ES § RANCISCO, 
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oft Jo este 


‘Messrs. Cuartes Evan Fow er and M. 


 OHARLEs Evan Fow .er,t Soc. OC. E. (by letter).g— is 
to be congratulated on having designed a sea-wall of great pleasing 
itso and id owing | to its location at North Beach, of great utility as well. a 
_ The use of the wave- retarding steps as bleachers for the convenience of. the 
is unique. , The writer has frequently. ealled attention to the desirability 
a of sea- walls « designed so as to break the force of ‘waves » and | has believed |that 
“4 face similar to the retarding channels. used on ‘the outlets of the Dayton 
Conservancy dams for reducing velocity, would be ve very ry efficacious. The same 
result I has been achieved by | the use of the steps or bleachers, and it is to be = 4 
regretted that it was not thought: of for the Galveston sea-wall. ‘This wall, 
as “originally ‘designed and built, did “not "prove to | be satisfactory, but if it 
had been stepped. as has been done at San Francisco, or had had projections 


like | those of the Dayton channels, the great force of the Gulf hurricane waves - 


“would doubtless have been effectually broken. The great velocity of the Gulf ay 
hurricanes of 80 to 120 miles 3 per hour, produces waves of much | greater height _ 


than is usually expected, due to ‘the great surface velocity induced, in con- — 


nection with a . large increase in the water level due - to the storm tide created. 
force may reach 3 000 Ib. per sq. on the face of the sea-wall. “This 


‘is broken to some extent by a curved face, and the disastrous effect of the drop 7 
of the dashing waves on the top of the wall and o on the roadway and fill back of a 


opie oor . fa) 


The wind does not reach as high a velocity | ‘at San Francisco, but ‘the 


ocean waves from the Pacific an intensity of 30 to 


blow of high intensity. 3 The return wr the w wader is more or less in the 
of an undertow of great scouring force, and much of the material i in front 


the wall will undoubtedly be washed out. during storms. ‘It i is ‘not likely 


that these wash-outs will endanger the w val owing ' to the use of sheet- rai) 


but they may necessitate ‘the use of considerable rap. from 


impairing its efficiency. Some groins may a 


J beach area from cross- -scouring. The action of the wall during the running _ 
aft Author’s closure, « ain 
Cons. Civ. Engr., New York, N. 
3 Received w the Secretary, — 4, 1924. 
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interest to those having to do with sea- 
The first time the efficacy ofa a rough § sea- -wall face was brought forcibly 4 
to the writer's | attention, was during the filling of the Seattle Tide F lats. 4 


- This fill was protected on the Puget Sound face by a fir brush bulkhead. — The— 
ian of the brush were placed | outward ona slope of 45° C and to a vertical — 
= height « of 20° to 25 ft. . During severe storms the w waves dashing against this 
face with its ‘almost innumerable projecting points w were effectively broken, 


the water dropping back dead, without harm oe ae bulkhead and with its 


With future extensions of the Esplanade sea-wall it may be desirable to 
We es copy this this idea into masonry to some extent, probably along the lines of ‘the 


F Dayton n retarding channels. Such a plan might even be « combined with the 


J 


"bleachers to make them of greater utility and of an. equally pleasing design 
= Tf as much thought were given to other | engineering works as was given > 
the Esplanade s sea- -wall, fewer failures would be recorded. 


MM. * M. Am. Soo. 0. E. (by letter). +—The writer feels 

very grateful for the extended discussion of ‘this interesting subject by 

members of the ‘Society who have had actual experience in works a ‘similar 


a Tn reply to Mr. Perry, Fig. 2t deseribes the character of the beach ‘previous | 


to the construction of the Esplanade; it is ‘composed of fine sand toa depth of 


more than 200 ft. to bed-rock. i; As indicated in that photograph, the sea made 


successive erosions, eating back as far as 70 ft. behind the wall and causing» 


an unsightly and scragged condition on the beach. _ 


. ¢ «i? The prevailing winds are from the west and northwest, and the ocean range 7 


‘If erosions of the beach 
70 Ley 


wall, ‘ity was intended to supplement 


structure by building groins about 200 ‘ft. apart. Happily, however, as 
illustrated by ‘Fig. the sand has actually made accretions and, in some 


places, has. covered the steps. ‘to within or 2 ft. of. sidewalk level. 


Presum ably, this accretion is largely ‘due to the stepping and the air-pockets- 
caused by the projecting walls wising. Shove the which act as a sushion 


Capt. Leeds’ “‘remark|| that in this type of. work, “the ripest experience and 
broadest Judgment are needed, for every problem is different in its 


ditions—the forces ‘to be reckoned with and the results desired.” URES 


Before this design v was adopted, 
i in the British Isles and in Europe. g Blue Book of the British prea 


Board on -Erosions on the ‘Eastern and ‘Southern Coasts of England was, care- 
fully perused, and it was no ed that solid blocks of concrete, O5 ft. thick and 


i 25 ft. high, were destroyed by wave action, due to undercutting of the founda-— 


City Engr., San Francisco, Calif. 
Received by the Secretary, March 143, 1924. xd ods 
Am. E., November, 1928, 1849, 
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eh It would be « only fair to bear testimony to the assistance deeiaa3 in a 
design from E. F. Kriegsman, Assoc. M. Am. Soe. C. E., then Assistant — 

neer, now Consulting Engineer i in San Francisco, and from Mr. W. H. 


of whom were enthusiastic and painstaking i in their work. 


‘the Park Commission, when its Superintendent built a bulkhead with 12 
-12-in. vertical concrete piles. immediately sc south of the Esplanade, in order to 

the Chalet Building, a beach resort. This wall will be removed and 
absorbed i in a ‘southern ‘extension = the Esplanade, as it is not ot architecturally - 


San Francisco were eager that ‘wooden piling should oS constructed, as at 4 


Longport, N. J. the r results. of which are plainly, shown by y Mr. . Haupt in 


Fig. 15.* Quite a discussion was had with the Park Commission as to the 


position of the wall with regard to tide levels. The C Commission was ‘eager 
advance it stil farther toward ‘the ocean, but the writer insisted on the 


present alignment, which has been successful. The sea- at Coronado, 


he 


The writer is _thordughly in ‘accord with the of having many 
irregular surfaces to split and turn the ocean ‘waves in various: directions 
“while the formation of areas and air-pockets dissipate their forces.” r 
ie Mr. Haupt has made a most generous contribution to the discussion, and 
has described pictorially sea-wall “protection in 1 Europe as well as 
4 America. . He: confirms the failure in Great Britain of concrete walls 20 and 30 


oft. deep, due to undercutting and shore erosion. | The sea-wall at Longport, N. J., i = 


and was breached the first season after construction. 
in The small ‘islands outside the Cliff House divide the 
hag 
why such elaborate precautions were made with the footings of this wall, 


not similar to the one in San ‘Francisco, as it. was founded on wooden 4 
The general d direction of the resultant movements were carefully Soyer 
Esplanade and the northerly sections toward the rocky beach. This explains 


mt From a structural point of view, the outta are e very difficult, for con- . 
“tractors who undertake to build small lengths o of wall, as it requires as 3 much — 
ia and equipment for 500 ft. as for 1 000 fi. re Money being available only | 


in small units, for any | more construction has been 


seem to enjoy at ocean the roadway above 


~- 
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— a built, the structure is standing remarkably well. There are no Ae . 
Nags 
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n and by taking ‘the precautions indicated, sea- -wall can be built. that 
survive the shook of weather and» waves and be of lasting benefit to the 
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a” BEACH EROSION: ITs CAUSE ES AN 


Henry Cray Aw. ©. §—The writer feels 


ave 


‘thinks of the writer's plan y 


‘Dent is glad to know a system of ‘beach protection that will 


positively and top erosion wh 


a-wa 


erman** concurs in the writer’ opinions, ‘mentioning 
. and the hurdles at ‘Beach Haven, N. J. as evidence. 


his latter is located entirely above the low-water line and not 


a line parallel with the shore; in these re respects, it differs from 


> in 


 urally in performing some of f the functions of such a breakwater. Thus, 
although he: prefers some » other method of beach ‘protection, ‘yet he e recognizes 


the principle of the: offshore breakwater is correct, 


an expel iment which he winde i on the New J ersey Coast to ) control the littoral 
current while permitting wave action to have’ free play. This is a method 
FS directly 0 opposed to thet suggested by the writer and furnishes an instructive 


-S lesson to those attempting to control the littoral current by jetties or groins, 
showing some of the ‘difficulties and uncertainties attending such methods; and, 


“yet, , Mr. Gelineau considers that the wr ter’s plan of an offshore brea kwater 


successful without ‘some connection with the shore. 
any shore connection is an essential featur 2 


wae 


§§ Loo. cit., 535 


g its conclusions. In order to emphasi © 
emphasize some of these opinions, 
=) ese opinions, it may 
ts Ul a latelal Ve) 
— 
— 


1s 


as it allows. free movement the littoral current 80 as te furnish the material 


in back of the breakwater. This littoral movement of material 
purpose of accretion; — 


but Col. Riché shown that a of sand was carried over 


sea-w wall at Galveston during the : storm of 1915 and “deposited back of 


Thus, it would appear that during storms an additional amount of acere- 
ack of the breakwater will result from this cause. | 


wo objections to the use of the offshore e breakwater ar are ‘made by Mr. 
bie > First, i its excessive cost; and, ‘second, the injury i it will cause 2 to 
the bathing g beach. As to the cost, he estimates for a structure 15 ft, wide 
on top, 15 “ft. “high, and with side slopes of 1 to 14, approximately $250 per 
lin. | = or neatly. as much as for the Galveston ‘north | jetty with a top width — 
of 24 ft. height of 2 28 ft. and with side’ slopes such as the ‘stability of the 
wall required. The stone for this work was hauled about 300 miles a 
‘ and | was in units as large as 15 tons or more. The actual cost w: as $255. all 
lin, As the second objection, if ‘such construction, uneom-_ 
z © sell . Sherman asks whether the projecting section of the: beach hon of 
- a the offshore breakwater would remain intact in the face of an attack by a 
P34 6- knot current, such ai as prevails on the New Je ersey Coast during storms. The 
answer is emphatically— —yes. . The movement of material along the beach is _ 
ae result of the combined ‘influence of both current and wave action. No 


. matter what the velocity may be, as the current i is 1 the same in the protected - 


area as beyond it and the wave e action is less, 1 more material will be brought — 


into it than will be taken out. ad “yt tatty 
He expresses the opinion that the cost of such a work as the writer has 
d, would be great, and that probably | less money, if distributed in 
arly ‘designed and suitably located over the same area, 
‘would the needed protection and extend the beach. this be t true, 
oo is nothing further to be said. It is believed, however, , that - the cost of 


Bin, 
offshore breakw water is greatly exaggerated opposing its 


= as contemplated by Py writer,+ can 1 be made a permanent strue- 

aa =. ture at a cost comparing favorably with that of other methods of protection. 

= Ww here stone. i is not available a’ at a reasonable cost, _ reinforced concrete sheet- 
piling would be quite satisfactory; or where the teredo is absent, wooden 


q 


Mr. Collinst gives | an interesting description of a work which he executed | 


in the Philippines for the protection of the beach at Aparri on the northern 
Report of Chf. of Engrs., U. S. Army, 1897, p.1800. i 
“How to.Build a Stone Jetty on a Sand Bottom in the Open Sea’”’, Transactions, 
oc. C. H., Vol. LXXV (1912), p. 1060.0 
Proceedings, Am. Soc. C. E., April, p. 538. 


of any ‘proposed | protection, the offshore: is superior to ar ‘any ‘other 
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‘BEACH 


coast This work seems s to be in accordance ott the ‘most. 
method of applying the groin system. real test of its success, however, 
"will come later. coast is subject to an annual season of severe typhoons, 


ae and it will be’ only when the work is ee 4 one of these disturbances: 


water line toward the land dina’ in the \Givection of the sea. 
when the water rises much above its normal height, this 
gradient is reduced and the material carried seaward, showing a distinct z 

. erosion of the beach. . After the s storm subsides and normal conditions a again a 


"prevail, this steeper gradient is gradually restored, giving a distinct accretion oie 
. .y the beach. A series of groins built at this time will give the appearance — . 


= great success in “restoring the lost beach when, in reality, it had nothing 
o do with it; sometimes the groins are’ completely buried out and 


= accretion extends far beyond, showing | 


in no way responsible for the results. ry 
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THE] DISTRIBUTION OF INTENSE RAINFALL AN 


"OTHER FACTORS IN THE DESIGN 
§TORM-WATER DRAINS 


Romer E. Horton and A. Manso 


E. Horton,t M. Am. Soo. C. C. E. (by letter). —A study was 


"made of rainfall depth-¢ area relations i in great storms, based on ‘the data col- 
lated by the engineers of the Miami Conservancy District. | This discussion | 


a will be confined to their figures relating to five great Northern and five great a 
Southern one-day storms. Data giving the maximum ‘rainfall depths over 


different a areas in these storms are contained i in Columns (7) ; to (14), inclusive, 4 . 


Table 13, which figures differ somewhat from those given for the same — 


. storms in the report of the Miami Conservancy District, the difference arising — 
= from: the fact that a storm may have two or more rainfall centers. In ‘the } 
‘Miami studies, the mean depths were determined from planimeter 
ments of the areas : surrounding the principal center or only, although there might 
oe be .a subsidiary « center having a rainfall greater than that indicated by the © 
principal ¢ contours. _ In the writer’s analysis of these data, the entire area in ~ 
which the rain” exceeded a given q “quantity was included in obtaining the 


—— rainfall depth for that area, whether the rain occurred around a single | 


4aiis 


storm center or around two or more separate centers. The latter appears to be 
the more rational method of analysis, with ‘reference to a a study the 

meteorological relations of rainfall and area in great storms. 

te Plotting the data given in Columns @M to (14), inclusive, of Table 13, it, 
was found that ‘the resulting curves | of area-mean rainfall depth could 

accurately represented i in every instance by a general equation: 


in which, Pav the average “rainfall for one over an area, in square 


: constant, ¢, to Fo? in n order © ile: the precipitation at the eye or focus of 


the storm. The quantities, and n, are constants fe for a given 


values of constants, as calculated for the t ten storms referred to, are given 


* Discussion of the by Frank | le C. continued from 


+ Cons. Hydr. N. 


| “Storm Run-Off of Eastern United States”, by t e Eng neering Start of 
Technical Reports, P Vv, Dayton, Caio, 


— 
— 
= 
— 
as 
ee: 
= 
— 
BE 
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§ 
2 we which the preceding is an example, it appears that for storms of one day — &§ 


ON DISTRIBUTION OF INTENSE RAINFALL 


are capable, of being represented by ¢ curves: belonging to the same family, 


and storms. Tt is, "however, precisely t this class: of storms 


DerTH ForMULAS—ONE- Day Storms. 


F 


“te 


1 


er, 


| sos _ Over areas, in square of: 


rm num 
Miami report. 


(7) | (8) | (9) an (aa) 


0.0888 | 0.24] 1.4 | 14.6] 1 

6- 9-1905 0.0196 | 0.41 

| 10- 8-1908 |New Jersey......| 0.0306 | 0.38 
~ Pennsylvania....| 0.00125) 0.56 
0.00448) 0.55 
10- 4-1910 |Iilinois... 0.0115 0. 39 


* 


4 


0. .2| 10.1 

Florida 0. 10.8 


South Carolina. .| 0.02940) 0. 11.8 


wet 


00 G0 00 00 <> 
0000-200 


*Observed precipitation. Formulagives8.5in, 


- + Occurred along the coast where the true total area could not be tint and ¥ was P 
greater than given. (See page 146 of the Miami report.) 


0,41 1.9 
76  —«-0,0806 0.83 
0.56 0 
72 0,00448 0.55 1.0 


A= Area in Sa. Mi, pt 
__| Pay== Average Precip, inIn, 
FOR 5 GREAT ONE DAY 


DISTRICT DATA 


Curves Computed from Horton 
Formulas for Individual 


ted). 


the general equation being Equation This applies to well developed 


qe 
 661_ 
| 
» 
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ver YUULOU UUU 4 
ve, (13) | (14) ; 
D 49/42 
re- q P : | 
6 4.8] 2.9% 
6.1] 5.1) 44 
it 


The area relation curves for five great one- -day Northern storms 
olen on ‘Fig. 13. In general, storms having the highest focal intensity, . ‘P, 


decrease rapidly in ‘intensity with distance from the focus. General storms 
ba with lower focal intensity will | requently | give higher average precipitation 


over large areas. If the i ndividual area- -depth relation curves were known 
for a sufficient 1 number of curves, it would be possible | to draw an envelope of — : 


“the resulting family of curves. Obviously, no single storm will give the true 
of all sizes. intense» 


local storm will give maximum average depth over a small area; a large or 


more general storm giving a a less intensity for a small area, will generally be | 


‘that which will give the greatest intensity over a large area, Tt would be of 
great s service to engineers a law or could be | derived, 


1 = expected ix in 1 storms of 0 one ne day, or r other durations, over areas eat different si sizes. 


. The envelope of the five re great Northern storms, shown on ‘Fig. 138 represents a 
first approximation toward this end. This envelope has an equation of the same 
general type as that the individual curve, but with ‘different constants. 
Determination of “more accurate curves of the type of this envelope i is greatly 
Engineers have long maximum discharges from drainage 
_ basins having similar characteristics but different areas do not increase in direct 


al 


‘proportion to the but o tt only 2 as t the two- thirds t to seven- -eighths 


n, since, other 1 things being eq equal, the flood co | 
; ime interval. ~ Actually, other things” are not t equal, s ‘since the amount of 
channel storage and of infiltration are usually gre greater per unit area area for large 
than for small areas. _ The equation of the envelope curve can be saecommmately 
represented by i inverse > straight line on logarithmic p paper, corresponding to 
a variation of rainfall rate in proportion to about the inverse one- fifth 1 powe 
the drainage area in square miles. 
relation of rainfall alone to area is concerned, 
roportion to the four-fifths ‘power of the drainage 
similar envelope curve and | equation were derived for five Southern 
storms of one day duration. The two envelope 


Pay = 166 — 0.0888 24 


eeee 


differ in in. a manner as ‘to 
give greater average for areas in Southern than in 
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“a This study was made for the if possible, the general 
— facts and relations « existing in connection with the occurrence o 
so as to afford a basis of comparison of ‘statistical data with the ous 
3 meteorological conditions by which ‘great storms are produced. _ The formulas = 


a given relate to the | integral 
- form in which the data are generally required by an engineer in practical = 


average rainfall over a given area, this being the a 


f calculation. For the purpose of study of meteorological conditions, it is better 

ie to a formula representing actual ‘rainfall ‘distribution about the eye or 
oll focus of the storm, or, in other words, a 1 rainfall depth- radius fe formula or curve. % - 
‘The variation of depth of precipitation with distance from center of storm 

= an be expressed as follows, for storms which the average depth and 

f- re given by the formula: 

Total volume = = average depth X area = Pu A: = Bi 

a a Rate of precipitation, Pa , in inches per unit of time, at radius, r oa 


“2 


ar 


The precipitation becomes zero at a radius: ant tes 


“tute — = 0. j 


ye of the storm. This equation is satienia i in that it reduces to P = Py for 


4 and gives | precipitation, = 0 at some radius, given by Equation 
as 7). Equation (6) indicates that the precipitation depth decreases as the 


is 4 radius or r distance from 1 the eye of the storm increases and that the decrease in 
actual precipitation depth is proportional the product of two. factors. 
This, again, appears to be rational from a consideration of ‘the nature: of 
; : _ Rainfall condenses from ascending currents of moist air. If the radius 
of the atmospheric. disturbance is ‘small, the vertical gradient would 
a relatively steep, | but the e volume of 2 air transported from a 1 low to a a high 
level and thereby deprived of a part of its moisture will be ‘relativels y small, 
the total precipitation, in other words, will be distributed over a small 


area. Moist air is deprived by condensation of all its 


of ascent of the moist air is proportional total of 


Ss. 
re | 
is 7 
n | 
4 
4 
a 
a &g 
| 


gradient is m more re gentle ‘than for a intense storm, of 


ascent of the moist air is less steep, but the total volume « of air involved is 


thease 


much greater. As a result, large storms give greater total precipitation than 
small ones, the precipitation rate is often larger on small in local 


than in general storms. A storm is a moving atmospheric system having a 


s motion of translation as well as an internal motion of the air system. . The 


quantity of rain precipitated by a storm in passing over a given n area | depends _ 


Kv 


on two factors: (1) The 1 rate at which rain is formed within the storm; a «4 

s @) the rate of storm travel. The relation of meteorology of storms: to rain- 


fall depth is too complex: for beyond the statement 


Bs. the conclusion, which appears to be justified both by study of weather maps a 
e and by rainfall statistics, namely, that, in general, ‘die greater the distance 


: from the eye of the storm the less the horizontal wind velocity and, epi 


} 


quently, the sma Iler the rate of ascent of the ‘moisture-laden air, and a Iso 
the less the rate of precipitation. Furthermore, the greater the radius or 


distance from the e eye or r focus of rainfall, the less, as a rule, will | be the slope 


or gradient of the. ascending a air. . The q quantity of precipitation varies as the 


product of these two factors, both of which decrease with increased radius or 


distance from the eye of the storm. 


In view of the preceding considerations, the : fact that the | empirical Equa- ee 
tion n (6) for relation of radius to rainfall depth contains the ‘product of two 


4 — both decreasing with the radius, is of considerable interest. heed 


he studies made thus far were based on general storms of one day dura- 


ti “he question naturally” arose to whether the relations discovered 
would hold for intense local storms and short time ‘intervals. ‘The appear- 


£ ance of the author’s paper was a timely and agreeable | surprise, as it furnished 


 Depth- -area curves were plotted for all the storms and | time intervals 

included in Table 4* of Mr. Marston’s paper, and the constants in Equation 


were determined. The r resulting constants are given in Table 14. 


ting the curves corresponding to these equations, it was found ‘they were 


in almost perfect ‘agreement with the observational data in every instance, in 
«= words, depth-area relations for these local storms also follow a “liek 


; _lawo or can be represented | by a family. of curves having the same general equa- 
tion which was found to apply in the | case of great one-day storms. _ In Fig. 
14 is shown by plotted points the original data as given by. Mr. Marston for 

two of storms, whereas: the curves shown by ‘solid lines were calculated 

od. No attempt has been made to develop ‘envelope ‘curves for short-interval 

ie: storms owing to the » fact the that the data available > are insufficient. a Tt should - 
‘noted that the formulas based on Miami data are expressed i in terms of areas 
a in square miles, whereas those based on Mr. Marston’s data are in terms of 


area in acres. _ Reduction from one system of units to the other would id have 


teal effect of changing the values of the constant, k. The method of determin 
ing t the constants in these formulas is as follows - Given a set of nani of 
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eates that this is too extend the curve its intersection with the axis _ a 


and use the intersection ‘point, as. the value constant. this, 


_foF convenience, Py. 


——_— 


corresponding to the known values, an q Pan numerical 
values Z, and hen, 4 oils hat 


k AM, = Z, and k AY, = 


om which n is easily The value of k is next 


REA A FORMULAS. 


Constants in the > Depth -Area Relation Formula: 


ge Intensity over / 
Area, in Acres. fife: 


‘- ck from Boston Metropolitan District » by: Frank A. Marston, M 


Duration, in 

minutes. 

be 


0 4 


hay 
0.00856 


q 
he 
ds a av 
off 
= 
ce 
| 4 
or 
he 
fo 
a 
ls 
of 4 * Proceedings, Am. Soc. C. E., January, 1924, p. 20,00 


The main ‘object of these studies has ‘been to develop the meteorologic 
= aspects of the subject with a view to laying a foundation whereby results as 
en rational as possible might be derived from statistical studies. A pra 


tical application of the formulas, however, lies in the fact that ‘it is 
“ 


at. by their u: use to determine the average rainfall depth. over any area for oll 
<< storm of any assumed | characteristics. | * Ine identally, it often happens that a a 
storm the required. characteristics to a maximum rainfall on 
“fall ean be from data storms of ‘record. 
i E> example, if two storm records show, for the first, P, ie 12.0 in, in 24 hours — 
ane and Pw = 9.0 in. on 2.000 ‘8q. miles, ‘and for the second, P P, = 8. 5 in. n. at - 
focus of the storm and 6.1 in. on an of 20 000 sq. q. miles, then the probable 
By maximum rainfall to be expected on an area of 10( 000 sq. miles may be de- 
_ termined ed by using ‘the data given to find the nnntine in the r: rainfall depth- 
area equation. The re resulting equation in this case will be, = 166% 0888 
sy from which it is found that a rainfall of 7.2 in. may be expected on an area of 
o 10 000 sq. _ miles. This i is based on actual data for two of the greatest pe 
analyzed b by the ‘Miami evident that t there is a | 
storm of a certain particular radius, which will give a greater precipitation 
over a given area than “either ‘a storm of smaller radius and higher Lae 
intensit » OF a storm of lar er radius and lower focal intensity. — a4 


OBSERVED AND CALCULATED 


RAINFALL DEPTH—AREA RELATIONS 
15 MINUTE PERIOD: 


Observed Data by Marston 
_ Curves from Formulas by Horton 4 


; a is to be hoped that further contributions to the mare of. rai 
area relations m may be made. When a ‘a sufficient body of data is available, the : 


_ envelope cunres: representing the 1 maximum average rainfall depth to be ex 


fr? 


cted over an area of any given size can be developed | and an important “3 


advance i in ‘the | ‘determination of maximum rainfall ¢ allowance will have t 


a 

: 

= 

a 

~ inches per hour over area A, in Acres & 

— 

a 

— 


attained, not only sto m but other 


a FRANK A. Marston,* M. Am. Soo. OC. E. (by letter). +—Through the courtesy 
of Allen Hazen, M. Am. Soc. C. E., , the author was privileged to examine two 


papers} by Friihling of Dresden, Germany. Inasmuch as the material 
tained i in these papers has not been published elsewhere, it ma y be of interest 


. refer briefly to the studies on which Frihling based his diseussion of 


: 2 


» 


= 


distribution of intense rainfall, referred to in the writer ’s paper.§ 
Fr rom 1886 to 1892, ‘aeiiiiiene 3 were made | at three stations in Breslau, sep sep- 


arated by distances of 4 250, 2750, and 4500 m., respectively. As a rule, ‘the a 


mil 


_ ‘Progress of a storm “was such that showers reached and passed one station | 

‘bef ore arriving at the second or third stations, and generally only touched | one ae a 


‘station. Cases when rain fell simultaneously at two or three stations were the — - 


these observations as , Frihling assumed that, for lack ofa 


better basis, the decrease i in intensity of rainfall, with the distance from the i, 
center of the shower, could be represented by a parabola in which the 

dinate, was the mean greatest intensity at the point of observation. At 

point where L, the abscissa, was 3 000 m., the was =. 


in givanve of his time. 
Because his ‘mae is too general. and fails to take into” account the fre-— 


is of much interest to all engineers who have to design storm- water drains. — : 
1 investigations, carried on under - expert supervision, should be encouraged 
and supported in every possible way. In the larger cities like New York, Chi- 7 
cago, St. Louis, and New Orleans, there are e municipal organizations that could 
be utilized to eollect much necessary data. Unfortunately, ‘the “expenditure of 
funds is often controlled by officials who do not appreciate the value to be 
derived : from 1 research work of ‘this character. wed td 
is hoped that. Mr. Horner will publish the results of the research 
_ work in St. Louis, where he has devoted much study to scientific methods for 


‘Hazen’s suggestion** that studies be made of “the rate of 


, ae tation on a given area, as a means of determining “the Sins: off in rate” ie 


=, 


wi + Received by the Secretary, March 28, 1924. “dt 


“Ueber und Abflussmengen far stiidtische Chottingentowr, 
‘xt. Band, 6-7 Heft (1894). 


_ § Proceedings, , Am. Soc. C. E., | January, 1924, p. 25. 
Proceedings, Am. Soc. C. E., April, 1924, p, 543. 
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DISCUSSION ON DISTRIBUTION OF INTENSE RAINFALL 


any frequency”, has appealed to the writer as worthy of: ‘a 
. already material progress has been : made i in compiling ‘the 5- -year records of the a 


Boston Distri for a specific area. if such a method proves satisfactory, it 


m make possible. the use of records for which closed isohyetals could not be 


drawn, a and, in time, will also permit direct determination of frequency. 


area of closed isohyetals should also be measured, as described in the paper,* 
fe and recorded to furnish more complete data showing the reduction in average 
intensity with increase in area, 


ryt 


Bos oe the paper, the district for perry closed isohyetals have been drawn and q 


‘the data recorded, covered an area of about 17 000 acres, which ‘is rela- 


tively small. Whether or not the rate of precipitation falls off more ‘rapidly 4 
with increasing area than has been indicated, « can only be determined by addi- — 


tional studies. It is possible that studies on a “specific ar area of 000 to 5000, 
acres may indicate that the frequencies referred to are too low. 

The writer has. galled. attention n to the fact that the 38 years: of frequency 


“the ‘studied, for want of better or more applicable ‘data. Consid- 

eration was given to the possible use of Professor Meyer’s valuable formulas 


i) showing the the ‘intensity of rainfall and fr frequency, fora group of cities, including 4 . 
Rs Fi The formula for Group No. 3, in which Boston is located, was based on the ~ 
records of recording gauges in nineteen cities, among which were Knoxville, 
Memphis, Cairo, Indianapolis, Cincinnati, St. ‘Paul, « ete. These cities are 
widely ‘separated are affected by many climatic a nd topographic condi- 
7 tions not comparable with those of Boston. Tn no ease did the from 


om 
Be any one gauge cover more than 19 years (1896- 1914, inclusive). It is pos- q 
ble that 19 years is s too short a period from which to determine that a a 


; Be certain city should be placed in Group No. 3, instead of No. 2 or No. 4. 


ust 
cities will be close to the arbitrary ‘dividing line between 
groups, and could be placed in one just as well as in another. 2 to at 


Ris: Professor Meyer’s grouping segregated those cities for which th the “average 


of ; precipitation for a 5-min. “period of 1- “year frequency ey were 
is approximately the same (3.84 in. per hour). An examination of the table fie 


ae No. 3, showing intensities for a 30- -min . period and 10- “year el 


e.. which is more applicable to drainage - problems, indicates that the results of the 
oer groupings might: have been quite different if sufficient data had been available 
a to make the ‘Segregation on the basis of a longer period of duration and higher 


+ 


eee In v. view w of the foregoing considerations, it seemed preferable for the acute a 
eae the paper, to use the 38- ~year record from one of the gauges in question ~ 
(Chestnut Hill gauge) rather than ‘the general formula. It is ‘recognized, how- 4 


ere that for many purposes | data based on a number of stations rather than 


on the record of one station may be safer. The e use of the general formula i in 
% this case appears to be open to baguntioa criticism than the use of the records 
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Weather gauge at the Boston | "ost Ofc 1891- 1916, "incl 
are for of the Boston: gauges. . The 
obtained from the records of the 64 station- "years 1 varied but little withir the 


limits. used i in the paper from those of the Chestnut Hill gauge alone. 


cor: # in time, a long series of observations can be obtained for | a particula 
area in the Boston District, the frequency of occurrence can then deter-— 


mined with “greater accuracy ; until then, however, other method 


writer has g given the data for a average intensity of precipitation and 


covered, without complications | to. frequency, so. that it is possible 


apply such th frequencies as each investigator may nero suited | 


In Inches per Hour 
SUPERIMPOSED 
BRANCH DRAIN | 
Storm of July 9. 1921) 


an interesting a and valuable discussion of the 
relation between py or intensity of rainfall and | area . covered, for storms of 


dong duration, and has added data derived from the Boston observations, 


The fact the data 1 when plotted follow “closely to ‘the theoretical 
s that the “measurements probably ‘are well within 1 reasor 


: able limits of error. It is also > important t to note in Table 1: 14 of Mr. Horton’ ns oy 
iscussion that, in only ‘two cases, | ‘Storms 11 and 14, was it “necessary to. 


the | constant, Apparently, the maximum intensity r recorded by on 


of the | gauges ‘was, with only two exceptions, the maximum of the down-— 


pour. In the case of the two exceptions, the maximum of the downpour was ost . 
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areas having quick -off, a ‘reduction in because area 


Roslindale Branch 


DISCUSSION ON DISTRIBUTION OF INTENSE (Papers 
‘only 0.08 and 0.02 in. per hour, -Tespec than the 
“3 recorded. This evidence seems to controvert the conclusions reached by Pre 


oh fessor Meyer.* > ' The mathematical studies presented by Mr. Horton should be 


ae 


value future researches. < 


Edgar S. Dorr, M. Am. Soe. E, has furnished the writer with outlines 


“a of certain Boston ce esa areas on which have been superimposed the rainfall 


it tensity diagrams 1 most — corresponding to the basic assumptions used in 


‘engineers 0 of Boston Sewer Service, ‘together with similar data com- 
puted from: the observed rainfall given in a Table 15. On the 


Le 
Although these are meager to afford conclusive deductions, 


. do indicate that, with certain classes of drainage areas, particularly large 


Measure 


DaTA FOR RAINFALL AS TO 


BY Boston SEWER SERVICE. 


ur 


Maximum intensity of 


rainfall at center of 


,in 


reduction in inten- 


of concen- 


Drainage area, 


er hour. 


t+ 80 
in minutes. 
as recorded, 
er hour. 


e intensity of 


i if over drainage 


hes per ho 
area, as measured 


rm reference number. 


Drainage area, i 
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te of rainfall 


« 

it 


in inc 


to: 
sity due to area. © 


tration, in minutes. 
ra 


Assumed* uniform 
Percentage of 


ownpour 
in inches 
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Avera 
rainfa 

inches p 


s indale Branch 
Stony Brook 


eo 
ves 


of Stony Brook 


& 


2. vhs 


8. Dorr, M. Am. Soc. C. _E., 1892. 


Eat The weiter ia is grateful for tk he interest t shown i in n the subject and for the valu- 4 
able discussions contributed. Tf. this work : may serve ¢ as a stepping stone to 


fall, not only i in one section of the country, but in in| several the labor involved 


a 


the ultimate collection of adequate data on the | 


— 
_ 
4 
— 
— drainage area is about 1 % less than the maximum intensity assumed in the 
“a . design as uniform over the area. Similar red | 
( 
which such rainfall data may be put, and its importance in certain problems. 
TABLE MENTS APPLIED To SPECIFIC 
— 
— 
— 
— 10 | = 2.42 | 30 2.08 11.2 a 


y due to area 
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“TESTS ON WORKING MODELS 
Auten Hazen, Karu R. Kennisoy, 
Evcene E. AND CHARLES WwW. 


sf ‘Aun EN + M. . Aa, Soo. OE . (by letter). —This ‘paper is an inter 
_ esting account of a novel construction. | eit The writer had the pleasure of inspect- 
ing the work that is described while it was © under construetion, as well as the 


‘model of the spillway in n operation. He | is in no doubt as to » the merits of this ae 4 ! 


type of spillway, and commends the excellent experimental v work. 
The mathematics. to obtain the w water down an easy slope are rather 
appalling; a simpler calculation might answer practical purposes. The mathe- af 
are good mental gymnastics— interesting and possibly helpful. 
ar In 1918, the writer designed a temporary spillway which had enough in om 


ommon with the one at. Davis Bridge to be of interest. — This spillway was = 


| “for: the Calaveras Dam of the Spring Valley y Water Company of San Fran- 


@ 
It will be remembered that the top of the Calaveras Damg had slipped - into 


the : reservoir, carrying with it the outlet tower and covering with débris ‘the 


upper end of the outlet conduit. | The most } pressing problem presented was to 
b _ draw off the 70 ft. of water then in the ‘reservoir and to find an outlet: for 


further water quantities, | for if this were not promptly d done, iene left of 


hillside. While this w was unde way, a second outlet sought 
= added safety and convenience in the ‘subsequent operations. The old 
: outlet conduit, of ample capacity, was buried by the slip under 70 ft. of débris. 2 
Two small channels through massive conerete at ‘its upper | had been 
a ™ serve in draining the bottom of the reservoir; their combined | area was 41 s | 
sq. ft. A caisson well, 16 ft. in diameter, with walls 2 ft. thick, was sunk through = a 


US 


the débris exactly on the site of the old outlet shaft to. the foundation, which | 


proved to be intact. short connecting t tunnel was then driven through the 
iébris, connecting the bottom of this well with the previously mentioned open 


ings in the head of the old conduit. ‘These openings | limited the capacity. b As” 
first: built, the caisson \ well, was 80 ft. deep. It was ‘supposed that water would 
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according the openings old conduit. The con- 
uit itself had capacity | to carry more water than could b be taken to it. Tt was 


that between 1 600 and 2 000 ft. of water per see. could be dis- 
es: Under e existing conditions, with many feet of free- board, there vod 


q 


space to hold temporarily the run- -off from a flood without overtopping the 
_ dam, and th this outlet, or the new w one, or both together, would ee 


: xpected. _ When the water began to go over its edge, it broke into a fine ca 


In practical operation, the spillway worked admirably, but 1 not exactly as 


and, falling with : a high einige carried air downward ¥ with. such force that 


submerge the inlet completely, and the downward flow of ‘water always 
been accompanied a flow of air. _ When the writer last saw it, after some 

fairly large floods, the concrete in the narrow ‘passages at the bottom showed fs 


erosion: from This in contrast with experience, | before the 


iu 


‘been ‘considerable of very and hard in these 


- Ass a ‘result | of ‘this ‘experience, the writer was led to believe that the best 7 
design for such a spillway i is in n the form of. a gigantic air-] -pump. A . The air, | 


_ intimately mixed with the water, gives. ‘it elasticity | and prevents the making 
and breaking of vacuum with accompany ing shock, which is so destructive to 


outlet structures where solid water flows at high velocities. 


M. Elliott, M. Am. ‘Soe. C. E., Chief Engineer of ‘the Spring Valley 
a a Water Company, has : since raised the » flow line of the reservoir and the shaft — 
eh of the spillway, so. that the drop is now 100 ft. He will, it is hoped, give added § 


I er. It may also be of interest to note that the. prineipel spillway of Lake Chabot "a 


of the East Bay Water Company is a tunnel. This tunnel spillway, built in ral 
1889, is 1846 tek long, horseshoe-shaped, and 10 ft. wide, and 10 ft. high 


n 

‘The ‘slope is steeper at the upper “end, but notwithstanding 


fae) 


ae the limiting point of its capacity is undoubtedly at its. entrance. This entrance 


SS originally had square corners of cut stone ; these were afterward cut off and 


q ok replaced with concrete, rounded to ease the entrance: and increase its s capacity, 
estimated at 3000 cu. ft. per sec., more or less. wr, 


Fs 


AG 


‘It may be noted that shortly after this Calaveras experience, the write: 


aa designed a spillway t to “operate in much the ‘same manner for the San Pabb 
Bie: Dam near Berkeley, Calif., but as this was a new design, some developments 7 


tas ~~ inn A preliminary design was also made in 1918 for a permanent ‘spillway or 


a the Calaveras Dam. This was a study only, and the plan was not adopted 
This: design was intended to avoid permitting large’ quantities of wate 


drop: 200 ‘ft. orn more on ‘rock 0 so ‘soft as to be eroded | by. water at high elocit 4 
‘The proposed outlet tunnel was about . 700 ft. long with @ a drop of about 350 ft. > a 
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of the but as this is far away from the dam, i in wild county, sepa 


= 

, and. 

“the writer believes: ‘that their use will prove, in many ‘situations 


e usual construction difficult or expensive. 


Kenwisoy,* M. E. (by letter).t— —A most significant 
“fact i in connection w vith | a shaft spillway for an earth dam, such as that at the © 
4q Davis I Bridge site, is the positive limitation of the capacity, due to the fact that 


critical discharge i is throttled by the shaft and tunnel and i is ‘independent of 


In this case, 
about 34 00 cu. ft. per sec., 185 cu. ft. ‘per sec. per 8q. mile of total drainage 


area a and 220 cu. . ft. per S00. per sq. mile of : area b below the ‘Somerset Reservoir. 
pe discharge at a higher rate than this could occur + only by overtopping of the 


earth: dam, which would cause failure. Hence, it would be most in melting 
from the standpoint of design to have recorded the character: of the water- shed 


and “its: run- -off and the computed ‘effect of the reservoir surfac 
reducing flood peak 
ei: This limit of the discharge 
consideration presumably has be 
probable effect of the reservol s taken into account. “The writer 


attention to it because of its importance | in the general problem of shaft spil 


mining this fixed pide the capacity ; in designing s such : as spillway, 


safety! In general, two “ways of doing this, the feasibility of which 
By a considerable of the shaft at small adde 


cost so that high velocities can begin i in the » straight tunnel with a high entrance : 


By a a location | end desigr 
-_ Yecover as much as possible of ‘the ‘velocity head; this method of i increasing a 


would be particularly e effective under | a total head. 


be governe 
eration of stop-logs 


“Cons. Engr., Boston, Mass. 
_ + Received by the Secretary, 
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i FE end where the full velocity could not be developed. — This tunnel was intended ; 
ae _ to carry a possible flood of 20000 cu. ft. per sec. The edge of the circular - i 
dis- | inlet basin was 120 ft. in diameter. If it should ever be built, it would ” ong / 
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important bearing .on the discharge capacity, would 
|) _ largely by practical considerations involved in the of og 
: _ gates, or the care of ice, ete. The exact shape of the crest to pass the given 7 
ischarge at a low head is of little consequence. 


fat One of the r reasons a 


way is that the steep slopes of the canyon walls would the 

on account ofe excessive excavation. This j is 3 also an argument against, the 


e er t in the form of a circle of such large 


straight sections the contour of ‘the hill running i into a smooth bell- 

mouth shaft entrance. This would ‘result in a cheaper concrete structure for 


the crest and for the stop-log bridge and handling apparatus, and yet it could | +B 
easily be made to produce the same rating curve for the discharge o of floods, and § fir 
4 would involve n no great difficulties i in hydraulic design, 4 we 


Lu, 
_ Practically none of the head saved by the exact circular crest is applied to en 


au 


‘The author’s treatment ‘is an interesting and instructive addition to ‘the it 


= 
DE B. Parsons,* M. AM. Soo. | E. (by letter). t—The author is to be 

commended for contributing this. paper replete with detail ealculations; | 

_ likewise, the New w England Company ‘for undertaking: the interesting ‘model ‘-g 


writer favored obtaining information from. models, and t] 


"greater ui use of f experimental research, Models ‘should be constructed to as Bo 
es Sy ~ large a scale as circumstances will permit, and results obtained by observation 


_ and measurement should not be extended beyond 1 the limits of experimentation 
with the model. "Water, air, and barometric px pressure ar are the same in -experi- 


ment and practice, but friction, eddies, and similar phenomena will not be 
proportional to the model scale adopted. ‘Corrections for ‘model scale 
be difficult to apply accurately. 


The amount of air drawn in by the spillway model will not be 
- proportional to the amount « entrained by the water i1 in the actual spillway, as s the | 


velocities and suction effects of water entering the shaft are so different in the 


into a shaft will change rapidly with velocity and depth of water. the depth 
a ae and ve velocity increase, the entrained particles of. air will become rarefied, that 


is, a partial vacuum will be produced. This will be changed later to ‘positive 
pressure (compression), as velocity i is lost by friction i in the shaft and tunnel. 


= At some stage of flow—probably_ not indicated in the model—this change of 
e air + from vacuum to compression in the shaft may set up a vibratory action. 


_press all signs 3 of vibration, but it will exist and may affect the lining, should 


‘Tee cakes or r logs, ¢ carried i into the , spillway, will pass into the shaft at 
velocity, and are likely to strike heavily against the lining of the ‘bend. 


Possibly some precaution, not referred to in the paper, is being taken to. pre-_ 
trouble from this cause. compound eurve for the shaftway 
t Received by the Secretary, March 
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es" have been better than the circular ‘curve, but, perhaps, the conditions at 


~ site prevented 1 this refinement, as they did the use 0 of a longer radius for 


4 be hoped that after the shaft spillway is finished, the author wil yar 


_ contribute another paper telling of actual observations under both ‘moderate 


F. Dunuam,* M. Am. Soc. C. E. (by letter) brief visit to the Davis 


“Bridge Dam in the fall of 1923 led to a feeling of surprise because the un- 
finished up- stream and down-stream | slopes were not terraced or rolled and 


were very steep, the material being d dumped from trains. _ The relation of the 

of the middle | or pool area to ‘the mountain ‘sides was not clear. 
e perro Ty paper is on the spillway, at that time partly established, and two of od 


A 7 features seem to invite mention to the exclusion of other phases o of the work. 


rr 
<0 of For a considerable part of its length, the axis of the spillway is vertical. 


The tunnel-curve section and somewhat more is in the solid rock of the 


a 
hillside. ‘if the ‘surrounding material other than rock in place were to be 
taken. away, y, the v upper part of the structure would be i in the a air and unsuppor -- 


except by the wall” of the shaft. In appearance, then, the spillway would 


closely: resemble the author’s Fig. 8.$ ‘What provision was made to support 
the outer edge or lip of ‘the spillway ? Does it rest on a circular wall of 
"masonry or concrete 160 ft. in diameter springing from the rock below, and 


of the variable height necessary to meet the horizontal plane which ‘defines the 
overflow? If 80, what are the dimensions of ‘that wall? How was , the space Fi 


_ between that outer wall and the shaft wall filled or treated? Gravitation and — 
the quality of the material of the adjacent formations” have helped to ‘shape 


_ the hillside ‘slopes of that valley; changes i in slope or material will not exempt os 


from the active forces that have prevailed i in the past. 
a Vermont, not more baer sixty miles north of the Davis Bridg e Dam, ae P 

2 and on ground about 700 ft. lower, there are several large shafts open to the aaa 


3 sky and of depths comparable. with that of the spillway shaft. E Many tons of aa 


& coal: are lowered into those shafts and burned to melt the ice formed i in the oe 
inter season, to make the frozen rock “lift better” and to enable the work- 


hide: to be more comfortable i in summer and winter. The temperature of 

ie rock is very low. There are places i in that part of the State where ground or 

well y water r registers: less than 40° Fahr. in the summer season. In winter, the 
eold air. constantly descends and upward c currents carry away increments of 


heat; i in summer, this ‘process is not reversed. Little heat from 1 the sun | finds” 
4 its way to the bottom : at any season. Those who have been thrilled by a view 


the American 


merican ‘Fall: from Point and who, from the same view- 
L point a week later, were U unable to see any water at that Fall, will realize ) more i 


: fully the effects of ‘continued low temperature in . the latitude of Niagara. 


3 2 E. HauMos,§ M. Am. Soc E. (by letter). || The hydraulic and 


Structural design of shaft — should receive serious study by engineers 


Received by the March 17, 1924. 
: t Proceedings, Am. Soc. C. E., December, 1923, p. 1959. 
Chf. Parklap Constr. New r York, Y. 
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pisouss SSION : DESIGN OF SHAFT SPILLWAY, DAVIS — DAM 
in hydro-electric s. The a deal of 
credit, for bringing this subject before the profession. At: dined 
4 4 =. px ‘The writer believes. ‘that, while this method of disposing of flood waters 
is economical on streams: and , especially, connection with 


ae sc dams, it will be frequently used on narrow streams flowing in in deep , 


valleys. In the design of a number of power plants for hydro- electric projects 
on both Eastern and Western streams, ‘necessitating the construction of high | 
_ dams built in narrow canyons, he has found, with few exceptions, t that «a 


= spillway presented the cheapest and most satisfactory means of food 

4 One | r more Section tunnels built to take care of the river flow 


construction assures not only reasonably continuous building operations, 


but makes it unnecessary to break up p the work tet ‘qual | sections. One | single 


: 1; coffer-dam can be provided for the whole dam with a cremains important | 
Fee in cost. — With proper foresight i in the design, such diversion tunnel 


or tunnels can in be given dimensions to correspond 1 to ‘the of 


the water into the shaft 4 a “free” fall on the converging apron of the ye al 2 


is open to criticism. In his. opinion, better results can be obtained by building 
up the column of water above the shaft opening ‘to a height which will | give 


the necessary accelerating head. ‘This is easily accomplished | by the con- 
pi a struction of a standard spillway dam and by excavating the enclosed area 


toa depth to slopes determined by the static head needed to produce the 


‘ velocity. required i in the shaft. . By this method, full advantage can be taken 


of the pressure represented by the weight of ‘the atmosphere, ‘thereby -con- 
oF siderably diminishing the necessary depth of the water above | the ‘opening pode 


correspondingly reducing g the volume of the excavation. ~The tests described 
iby the author plainly indicate, as it is. also remarked in the paper, that ‘the: 


‘Maximum capacity ‘the “spillway we was reached the shaft acted as 
There seems to be no reason, therefore to design the shaft a 
at 
~The siphon or ‘draft: tube action which is inherent to the upper part: of a 
"vertical p pipe flowing at capacity, and which, curiously enough, i is mentioned i in 


paper: as unexplained and as ‘not having | been | anticipated, will result at 
4 avis Dam, as demonstrated by the tests, in sucking” air into ‘the shaft and 
causing tremor and disturbed flow at all discharges except those above the 

the accelerating head by pressure, as proposed | by the “writer, 
2 


conduit for a considerable range of discharge 


"volume. possible to obtain this ¢ condition for all discharges by 
dividing the shaft into several ‘conduits and ‘controlling their inlets with 


ig | 


gates - The flow then will be ‘smooth and less likely to injure the eonerete 
Tining: of the shaft and of the tunnel than would the surging 


ait 


W. Comstock, M. Am. Soc. C. —The fet impression 
on reading this study_was that 27000 sec-ft. seemed a 
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‘sq. miles. With this in ‘mind, he made a 

“necessary ti time for the water surface to sas from the elevation of the — 

sill to a level about 8 ft. higher. te 

‘reservoir surface was taken as 2.000 acres (assumed the 
‘Tise); a co constant inflow o of (27 000 sec-ft. was assumed; and the the author’s co- “A 


efficient for the weir was accepted as correct. The calculation showed. that 


_ about 21.5 hours would be required for the water to reach a depth of 7.84 
above the spillway sill. Theoretically, the time required to reach a depth 


of 8 ft., at which the outflow would equal the inflow, would be infinite. | During eS 2 4 


this time the inflow would be approximately 48 000 acre- -ft. of which about 
one-third would be stored, ‘the remainder passing through the spillway. 
volume of water is equivalent to a run-off of 5 in. from an area of 180 sq. miles, ie 

and would probably represent a precipitation of 7 or 8 in., en ae: enor- 
although not an unprecedented, , rainfall. 
The amount of money which may properly | be expended to provide against 
remote contingencies is a matter of judgment, in which the engineer is om lal = 

_ sible only to his client, and concerning which he: should not b be e criticized because = ae 


others hold different. views. . The: most that can be done in 1 discussing such a ace 


point is to o bring out as many opinion as possible, leaving 


to type of namely, the use of flash- 
A Drama J is presumably designed with the same care that is given to any ae 


of the work, and embodies the engineer’ best judgment as to margin of 


‘safety. To obstruct i t w ith flash- boards for the s sake of increased storage = 
capacity is analogous” to providing a steam boiler with a safety valve 


‘then ty ing it down to permit higher pressure, on the assumption that the : attend- 


a ~ ant will watch the gan gauge and release the valve if the danger point approaches. a 


Safety valves, spillways, and all types of automatic protective devices” are in- 


ts to provide against | the absence, i inattention, ¢ or r disability of f attendants, 


engineer, having used his best determining the proper: margin 
of safety, should have the courage of his convictions and x not permit encroach- 


fe ‘There has recently come to the ‘speaker's attention the case of a reservoir 


near the head- waters of a stream. where a regular practice of using 
spillway was in force. Some time > ago, following heavy 


Tains, it necessary to remove the flash- boards. 


suffered no damage, but during this same flood period « an earth dam fé 
down the stream was over-topped and destroyed. 
reservoir are now being sued for heavy damages, the ‘that the 
ex excess water released by removal of the boards, added to the already 


aL 0 __very large spillway capacity to provide tor Hoods from a drainage area of only __ a 
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swollen stream, caused the damage below. Whether or not. this is true, or 
a3 a whether the lower dam might have been topped by the natural flood without 


the addition of reservoir water, ‘it is certain that. ‘the upper reservoir would 
not have been open to the charge and under the necessity of defending a 
costly lawsuit had the spillway | been clear and | unobstructed « at all | times. oft 
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ANALYSIS OF THE STRESSES IN THE RING ae 
OF CONCRETE SKEW oF 


an 


nd to the practical application of the derived. 
The > mathematical analysis: of the skew arch developed by 


‘Rathbun i is based on the common theory ‘of flexure as applied by engineers — han 


unknown straining actions at. the crown of any skew arch, have been devel- 


oped in a manner which can be readily followed by those familiar with the 


the development of the elastic theory of 

tion of the arch ring resulting from shearing forces” and torsional 
“moments has been neglected in the two dimensional str stress analyses in com- _ 
use. In. the skew arch, under certain conditions, the shearing forces 
“and torsional ‘moments become important, and any theory failing to ail 
“into account the deformation of the arch ring from | these sources must 


‘The; resultant deformation in a material dos: to shearing forces can he 


ex ressed by as simple mathematical relation only when the resultant shear- i 


3 are uniformly distributed throughout the eo 
tion of uniform stress distribution has been made by Professor Rathbun 


setting u up Equations (27b) and (27c). « error introduced from this 
assumption, however, is small. In Equation (27b), although the shearing = 


stress distribution is far from uniform, the intensity, from ‘zero at 
the extrados” and intrados to > the average at the neutral surface, the t 


transverse shear in the direction of ‘the u- axis: ‘is usually very small ia in 
on Equation (ate), which gives the deformation due a "shearing foree, 
T,, acting parallel to the z-axis, , the ¢ assumption of a uniform shear stress on 


distribution is more nearly true and, consequently, the error introduced by 


of the paper by J. Charles Rathbun, M. Am, Soc. C. E., continued from 
Tr 


: Ran Associate Prof., Civ. Eng., Columbia Univ. aie New York, N. Y. 
Proceedings, Am. Soc. C. E., 1926, PP. 140. 


to the elastic a other statically indeterminate structures. The | six = 
fundamental equations (Equations (1a) ‘to (1f)), § which determine the six Sl 
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DISCUSSION : oF STRESSES IN RING OF 


“assuming it to be uniform is not large, although, unde: 


a. the shearing force, T., may be very large i in a skew arch. 


ia Bi In the development of Equation (27 f),* Professor Rathiven: has’ found it 
ia necessary to equate, for a part of the arch ring, the a angular deformation re- | 
sulting from torsional ‘moments. The mass under consideration, subjected to | 
this torsion, is a parallelopiped the width, b, of which i is ‘many ° times its thick- 
ness, t. There is a question 1 whether ‘Equation (2)+ can be applied with any 


high degree of accuracy to a | structure 2 such as an arch. The effect of curva- 


= in the arch ring and of the fixed ends at the springing line cae 
important part in torsion, ¢ and the effects therefrom have been entirely ignored 
in Equation (2), which was intended 1 to apply only to a rectangular bar 


without end restraint. Professor Rathbun was. fully justified, however, in mak- 


> 


moreover, thee errors introduced a are esmall. word 
mathematical analysis developed in this p: paper is of me 


Toads symmetrical about the axes, s, the stresses in. skew can 
determined by making a co- lamina taken — to the 


the: abutments and passes through the anaes of gravity of the vertical load. 


As the theory thus developed by Dr. Fischer appears in part to account for 
the high stresses that are known to exist t at the haunches of certain ne 
_ arches near the obtuse corners, it received some approval. — ‘The mathematical | 
analysis made by Professor Rathbun shows that Dr. Fischer's s assumptions are. 
only for a simple skew slab, resting on but not clamped 
. the ends of such a slab are rigidly fixed, the same — 


oe preg lines parallel to the axis of the skew and not along lines normal to the 


i For vertical loads unsymmetrically spaced | about the longitudinal axis of 


any arch, the e stress distribution in the arch | ring is extremely complex and, 


such eccentric loading has been developed the speaker’ knowledge; the 
resulting stresses can only be determined , and even: then approximately, in 


“theory in which Jaminas parallel to of the arch 
ean be used without introducing serious errors. 1 


‘The stress distribution n is different when the loading is not essen 


i 


imilar to that made by nn ae Rathbun must be ‘used. _For instance, ‘the 


Proceedings, Am. Soc. C. 1924 160. 
t Loo. oit., p. 140, 
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horizontal forces developed by the earth pressure. in spandrel filled arches 
of the earth pr. pressure the walls, and the forces, P,, 
represent the total horizontal earth pressure against t the abutment and each 
half of the arch barrel. In the right arch, all these forces are directly cmt 
to each other and have no moment about a vertical axis; whereas, in the skew 
arch, a torsional moment is set up about a vertical axis. . It is this torsional — 
“moment which modifies the stress distribution i in . the skew arch and develops — 


the heavy compressive stresses at the haunches, adjacent to obtuse corners, 


‘ 


4 


thin 


ARCH 

‘ae The stress distribution due to 1 the torsional moment is extremely complex; 


_‘it depends not « only o on the torsional moment, but also on the shape of the aa 
and d the rigidity of the abutments. If the abutments are rigid and unyielding, 


- the most highly stressed sections of the arch barrel will be those | shown shaded BS Re 


3 in Fig. 11 (a). On the other hand, if the abutments are slightly displaced « or 
; rotated as a result of the torsional moment, the highest stresses” in the arch : 


barrel will be ‘developed adjacent to ‘the springing lin line at the “obtuse corners, 


Summarizing, the following conclusions seem obvious” to the speaker 
—Under vertical symmetrical loading, the stress analysis of a ‘shew 
arch offers no greater difficulties than a right 3 arch, and the approximate method zx 


taking laminas parallel to the skew appears give ‘results sufficiently 


—Under vertical loads, unsymmetrical, with ‘respect she, longitudinal 


va 


what greater i in the skew than i in the e right arch. F For this ‘condition of loading, i - 


Te 


oa such as that developed by | Professor Rathbun must be used, 


spandrel ‘walls, arch barrel, and ‘abutments set up a torsional moment. 
‘conditions i in a skew arch which are. not developed in ‘the right arch. 
The failure to allow for resulting large torsional moment about the vertica 


axis is largely responsible for the many unsatisfactory skew arches recorder 
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ANALYSIS OF STRESSES IN RING OF § 


HAYDEN Esq. —The importance of Professor -Rathbun’s achieve. 
can hardly be -over- -estimated; this is also true of “Professor: Beyer’s 


illuminating’ discussion of the paper as a whole and his examination of the 
effect of the approximations, which tends to inspire eonfidence in his’ 


The investigator hi has never -Teceived his “due, , because few 


realize: the extent to which all ‘modern science has ‘become mathematical. 
~The ‘first random discoveries or chance achievements in any | branch of science 


aad and appeal to the popular imagination. — ‘Science does not 

Progress far by hit-and-miss methods, but if development proceeds, it ‘is only 
>. 

by the work of the mathematician and the patient scientific investigator. ea 


great handicap to engineering progress is the contempt of the ‘self- 


styled engineer for th the theorist; and all failures of f design may 


St we 


traced to one fundamental -cause—lack of a fully, developed mathematical 
analysis based on simple fundamental assumptions that have been experi- 
“mentally proved 1 to be correct within the range of the proposed application of 


‘The and x more basic” the fundamental and 


FS 


study of structural failures and ‘their causes would awaken the pro- 


an - fession at least to a Yealization of the importance of such a paper as Pro- 
‘a small proportion of structural failures 

“comes to. the because it is just as human for the 


engineer to banish the r memory of his failures as it is for. the weather prog- 
nostieator to ignore ‘those: exceptions that belie his favorite superstition 


— » engineers : as a class are the least" subject to this weakness, and 
their failures, relative to their successes, are astonishingly few. more 


= 06 B® 


could be learned from the mistakes that are made, however, and the results 


Competent | structural designers have long felt the need of a properly 
¥y developed theory of the skew arch, realizing that a discrepancy exists between 
the theory of the | Tight arch and its application to the skew arch. . The “fol 


(@) —Charles W. Comstock, M. Am. Soc. E., abandoned | a solid 


We: Bs 


skew- arch design. for the Bannock Street bail in 1908 over Cherry 
= Denver, Colo., because he had little confidence in the application of f 
the formulas for the right arch to a structure of such extreme skew (54°) 

and would not risk building a structure for which no rational theory existed. 
A ribbed arch design with | squ uare abutting hin nges at the ends was finally 
adopted. The bridge has a span of about 135 ft., a rise of 13 Tt, , and oaurriel 
36-ft. roadway and two 8- ft . sidewalks. 


Nakonz, the designer ‘of the ‘reinforced con crete bridge over 
the Berlin-Spandau Canal, in ‘Berlin Germany, felt the correc 
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Ni A NALYSIS OF OF STRESSES IN RING O OF SKEW ARCH 
ieve- - theory < of the fixed skew arch, and adopted a_three- -hinged structure. The 
yer’s | hinges were of cast steel with hinge lines parallel to the abutments. eit ‘Dowels 
the w vere used in the hinges to. prevent. slipping along the joints, from the force 
his due to the sk skew. ‘Right arches with three hinges. are statically determinate, 
skew arches, even with three hinges, are statically indeterminate = 
this bridge was so “designed, account being» taken of the | horizontal and 
tical. vertical: torsional moments at the crown and ‘the excess thrusts at the obtuse 
ience angles of the arch barrel, all” of which do not exist in right” arches. The 
hinges were” ‘to eliminate part of | the indeterminateness and make a 
‘only, | “solution possible, ‘This b bridge, built i in 1911, two spans, one 158 ft. 
a, with a rise of 16.4 ‘ft., and a skew of 35°, ‘and the other 148 ft. long, 
a with a rise of 14.7 ft. and a skew of 22 degrees. 
(c).—The reinforced concrete arch bridge of the Wabash 
the Sangamon River, near Decatur, Tl. » was designed by A. 
atical Cunningham, Am. C. E. built in 1907. consists of 
xperi- spans, each 59 ft. iene, all 29 ft. wide, with a rise of 30 ft. and a skew  ® 
of | degrees. The designer of this. bridge built a solid skew-arch bridge with- 
and out adopting hinges. or other expedient to make the design susceptible to 
4 w ee known methods. of mathematical analysis. . At that time, there was no theory 
the design and analysis of the skew arch and the be 
"properly analyzed. designer safeguarded the ‘structure by using a 
faces. The skewbacks of both ‘the piers were saw- 
Pro- so that, “although | the arch barrels” were monolithic, the “assumed elements 
ee butted square into seats perpendicular to the assumed lines of thrust”. 
or the + i (d) —A few skew a arches have been built with a number of longitudinal oa 
ie construction joints in the barrel (parallel with the skew), so that the ‘con- 
vation tiguous elements were actually independent of each 
This timidity on t the part o of thoughtful. designers was justified. “Indeed, 
‘there are instances of complete failure with of life which be 
for plained only o on the basis of the real existence of the forces revealed mathe- _ va 
soperly matically by the author, which were not taken account of in design. 
yet ween Unfortunately, many data collected by the ‘speaker on skew arch failures, 
fol order to sustain his position i ina “past controversy, have been lost and 
solid cessive compression in ‘the's region of the obtuse angles. Professors Rathbun 
Cherry and Beye r showed by mathematical processes that such a condition exists 
ted. ne failure ha 8 ew arch in ana a was ue to an actual rotation 
—_— ly of the arch ring on its abutments, the shifting of the ring at each abutment — abt 7 
) fina y being toward the obtuse angle of the abutment at the acute angle of the Ting. ate ; 
is ence of such rotationa orces was reveale by the author in his: 
mathematical | exposition and also by Professor Beyer in his ‘discussion. The 
= ° ' arch was narrow, and the skew such that a line perpendicular to the axis of 2 
correct) the barrel could be drawn between and. entirely beyond the ends of the abut- 
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1 


Another skew- arch. occurred severa “years: ago. n a rather pecu- 


liar ‘which seemed to indicate that the cause was due to excessive 

om _ compression near the obtuse angle of the arch ring combined with rotation. 


As the speaker recalls, the failure’ was reported as a “lateral shearing” ” of 
the ring above the skewback so that the. longitudinal reinforcing rods 


were kinked laterally out t of line across the crack. Probably the compres- 


- sion failure was primary, weakening the arch ring so as to invite rotation as 


During 1923, “one “skew: span of. “the Scotia reinforced con- 
crete bridge over ‘the Mohawk River « collapsed before ‘the falsework was re~ 
moved, : five men their lives. A complete report of this failure has not 


supporting the prattey trusses was due to ‘rotational forces in the several 


arch ribs, which | were not taken account of in ‘the design « either of the bridge 


1) 
An interesting occurrence was of Bridge 


No. 1, on the Bronx River Parkway, designed by Guy Vroman, M. Am. Soe. | 


£ E., and | constructed under the supervision of the engineers of t the ‘Bronx 
Parkway Commission. ‘This bridge, built in 19% 20, consists of two parallel 
concrete arches, one north- -bound and the other for ‘south- 
bound traffic. E Each arch is to the center line ¢ of 
roadway, with a span of 70 ft. ‘parallel to the roadway, and a rise of 
134 ft., and a a skew of 54 he contractor submitted a design: ‘for the 
ae consisting of several lines” of timber trusses ‘parallel with the pro- 

osed roadway. As one condition of approval, the ‘speaker. ordered the brae- 
ing between the trusses ‘to be arranged so as to resist the forces due to the 

tendency of f the trusses to rotate under the weight of the concrete in the arch 

x a ring. ~The co contractor then, on his own initiative, added bracing in an oppo- 
ae site direction, , although | advised of its redundancy. — During the casting | of the 
arch ring, g, the bracing put in by “order of ‘the speaker was tau taut under stress 


ae "whereas that by the contractor slack and | could be 


would shift toward ‘the cbtuse angles of the abutments was a 


- eidedly apparent, although properly resisted by the bracing. The abutments 
of bridge were saw-toothed that. failure, after removal of the false; 


y work, by slipping ¢ of the ring along the skewbacks due to ‘rotational forces, 


_ Professor Rathbun is the first 1 to succeed i in fully deittied a theory + onl 


fea ‘method of analysis for the skew arch. i The first attempt to discover the generil 


principles « of the stability of a skew arch: was 0 made by a German engineer, 


E. Fischer,* but his is formulas d do note *take account of of all: the elements 


entering into the ‘problem, and } he makes n no attempt to analyze the stresse 


pera arch } ring itself. ‘The paper was “to be continued”, but further install 


do not appear in in subsequent issues of Beton und Eisen. 

November 8, 1911. ; 
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The. v. 8. Bureau of Public Roads is. ‘conducting a an elaborate series ie 


ea | _ tests on models of concrete skew arches, in order to determine experimentally 
sive | the action of such structures. — The results of these tests should be extremel ra 
‘ion. valuable in the reached by Professor Rethbun. 


rods 

pres- 

mas | set and wie must form the basis of a rational theory, experimental investiga- 
a © eer is essential ; but the “ carrying- on” must be assumed by the mathematician. _ 

E. H. Harver,* Assoc. M. Am. Soc. C. E. (by letter). +—The author deserver 
or 8 gt reat commendation for his earnest endeavors to place the design of the con: 

s not — crete skew arch on a more : substantial basis ; yet, having given this same ‘problem 


| ebnaiibenmtile study, the writer feels that the battle has just begun. This paper | bie 


everal should be fully discussed and, out of the interest aroused, some practical solu- 

ridge tion should be evolved, that will e enable the designer to restore faith in the skew i 

sridge Owing 5 tothe: the problem, it is. doubtful whether the 

Soc. practical method of of analysis will be ‘simple enough to meet the needs 

Bronx of the practicing engineer. Future investigations of the skew arch will ‘prob- 

arallel ably lead to a series of “don'ts” rather than to a rigid analysis and, therefore, 
south- the design of such arches will be largely empirical. - 
line of Ais _ The author has stated that the literature on this subject is nil, o or, at least = : 
of that he had been to locate such writer has j 
for the 

will give a brief review ‘of several of the articles’ 

Probably "the firs first reference to the subject the arch is to 

to the 

ae Professor of Engineering at the Daivensity: of Melbourne, Melbourne, ‘Victoria, 

Australia. Professor Kernot had been engaged to defend a contractor 

had constructed a skew arch at Bendigo that ‘collapsed on May 13, 1902. 

Saeed did n not undertake a a mathematical analysis, but had to content, himself by . 
“shaken experimenting \ with models. ~ Some of these experiments | were truly i ingenious, — q 
from them he formulated rules (angle of skew, , sig 
1 forces) «(2 Skew 80° to 70° te angle of ea 
be replaced by a a right angle. 

cory 2 and (8) Skew 70° to 60°—increase the thickness of the arch by c 

e gener at the the skewbacks near the acute angles of the 


Ben ic increased thickness to diminish in all directions until it vanishes a 


engineer, 
at a dis distance equal one- -fourth of skew ‘span. 


elements 
stresses 
r install: F 
‘thickness to 2 in ‘die same manner as that of the arch. 


und Lise, 


e * Structural Engr., Concrete Steel Eng. Co., New York, N 
Received by the Secretary, March 17, 1924. 
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DISCUSSION : ANALYSIS OF STRESSES IN RING OF SKEW ARCH P. 

—adopt a : treatment otmilar to Rule (3), except that ne 

ti 
(5) Skew 50° to 40°—adopt similar ‘treatment, that “the” 
increased thickness in each case should be one-half. iit iw 


ae The experimentation | on which this | semi- empiric method s based disclosed _ 


the fact that the thrust « of a skew arch is not parallel to ‘the arch pene 


| 


ae of lateral shear, lateral bending, and torsion, is concentrated near 


The next reference is a paper* by Dr. E Fischer which was ‘discussed+ by | 
= T. Morris, M. Am. Soc. states 
_ Foreign literature disclosed two important articles, both in the German 


language, the first by C. Busemann,t ‘and the second by Dr. H. Marcus. ‘: Of 
latter is | by far more important. Dr. first treats 


wa be confined largely to a a comparison sills method and that of Professor 


From a mathematical viewpoint the paper is somewhat unsatis- 


A - factory, because of the assumed positions of the axes. Experimentation, alone, 


— will disclose the error involved. Not only can one take exception to the a 
and z 2-axes , but the u, v, and any point, must likewise be viewed 


with paeieion n, because they are disjointed and bear no direct relation to the 
other axes. In the analysis of a symmetrical right : arch, the principal axes are 
vertical ana horizontal, the corresponding uw and v-axes of any point, P, are 
inclined to 1 the principal axes, and the functions involved, with respect to the 
angle of inclination, are and cos ¢. as tal 


all the axis of a skew arch i is a space curve, because two dimensions do not 


completely describe it, at any point the 1 y-axis must be tangent. to the arch axis, 
ks the u-axis radial and the z-axis perpendicular to the other two or conjugate to 


a the u- axis. The cosines of the nine angles which the v, u, and ; 2- axes make 


with the positive branches of the x, y, and z-axes of the references in the gen- a py 


er ral analysis of Dr. Marcus, are shown in Table 7 and may be pierre by ; om 


to any work on Analytical Geometry. OLE 


or 

‘ * ' 

In “Thrust of Skew Barrel Arch Measured in Laboratory Model”, Engineering News: assy 

_ Record, Vol. 88, No. 16 (April 20, 1922), and in subsequent letters by other contributors. | ee ( 


t “Untersuchungen tiber die Kraftrichtung im Schiefen Gewélbe,” Berlin, 1910. 
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‘ees ~The determination of these ‘angular functions is a simple one if the equa- | 
+7 


2. £6 b, — >, =c 3 — ¢s =a a, - — 4, b,. 


is- 


jointed, the foregoing device gives ty cosines 0 of angles” which his », u, and 


2-axes ‘make with the ‘positive branches of the y, and z-axes of reference at 


the crown of the arch, as indicated i in Table 


059? 


t 


From Table it should be _ apparent that “there in ‘the 
author's arch axis as referred to his system ‘of co co- -ordinates. Thi This 
mount attempting to. analyze 


welll 


a each v u-axis 


treatment , of the arch after the six unknowns. “Does he find the stresses. 
on the diagonal sections s parallel t to the springing line? If so, he presents an 


anomaly which is obviously wrong. Referring to Fig. 12, it is apparent that, 
at the ends-of his diagonal sextion; there exists .a condition in which a unit 


thrust, for example, ~acts on a feather - edge while direct] ly opposite, a Ii like uni 

thrust acts on solid’ concrete, that i is, a a unit thrust acting on one side of a Bec 
tion i is opposed not by an equal unit thrust, but by zero. 
= To ¢ overcome this serious objection, Dr. Marcus t takes.a section, B (Fig. 


18), along the center line of the arch, the shaded triangles at A. and B being 


g News ‘sumed as rigid and inelastic parts of the abutments. 


an | ___ Cross-sections at at right t angles to the side faces of the arch, appear as a ser 
of trapezium with the long sides curved locus of the nters 
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—— gravity of these sections forms a curve lying half way. between the uadie 


‘and intrados in ‘elevation Fig. 15 (@)), while in plan. (Fig. 15 it is 


S-shaped, because, : as the ESI approach the abutment, the centers, of gravity 


= 
=. move closer and closer r to the obtuse angle between the springing line and the 
ae face of the arch. . Thus, the neutral a axis of a skew arch must be a space curve 


7 and have all the eee properties of such a “curve, as previously indicated. 


Here, however, Dr. Mareus int diver- 
gence of t 
the bridge is small (Fig. 15. he that it lies in this plane. 
0 and, therefore, Cy = 0. His second assumption considers | 


« each section is a parallelogram and that u U, radial axis, bisects. the 
"section as shown in Fig. 16. _ The z-axis at this point would be conjugate to 


the: u- axis but, owing to the this axis is assumed to 
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The cosines of the angles which the "and with the positive 
branches of ‘the 2, y, and z-axes of reference for Dr. Marcus’ skew arch axis, ty 
are as given ‘in Table ot gs add to ‘molt 


aoa bsisy praxis. aborts 


ag = —sin sind etd bs 3 = sil sin ¥ cos 


The previous conception of the skew arch i is now somewhat changed ; insteac 


slice. of a ‘right arch ‘of. great width cut by two diagonal vertical planes, it he > 9 
J 


a curved spring with square ends that are. ‘twisted | with respect to 


; one another and attached to the rigid triangular projections of the abdanents.— 


— ‘Dr. Mareus also aed ready method ¢ of finding the necessary moments of 


inertia “for each section. These data are substituted in the general 


analysis for a doubly curved beam ‘from which six simultaneous equations are 
| - obtained similar to those of the author. In fact, the author’s equations can be ah a 


obtained from the general equations of Dr. Marcus’ ‘paper, except the various 
; loading factors ‘which would necessarily have to be developed to suit the new co 


illustrate his method of analysis, Dri Marcus computes the indeter- 
reactions for the arch shown in Fig. ogy! for ¢ a Toad, in the center r of 
ows: T 1.294 


babes moter ninutio out the: 
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This. method would serve very. satisfactorily for slender r ib arches or for 


‘barrel arches in which the angle « of skew was nearly 90 degrees, By an inspec- 
aa tion of Fig. 18, it is apparent that for wide ribs and heavy skew, the two 


would touch other or even overlap; then, this method 


es. It seems to the writer that oan solution of the skew arch ] problem must be 
"sought by other methods still: undiscovered and until the time arrives 
the mysteries of this type of structure are fully disclosed engineers “must be 


= content to design the few necessary skew arches by semi- empiric methods, that 
i aac is, according ‘ to Professor Kernot’s Tules, or to some similar set of conclusions 


based more modern experimentation. If, however, the designer is not 

- satisfied to do this and wishes to appease his conscience > by ¢ computing shears” 

~ and torsions on diagonal sections, he can use the author’s method or r expand the 
of following method devised by the writer, which will give him the same results. — 


an “One familiar | with the general problem of the “double curved beam” as 


developed by Dr. Marcus and others, would realize that Professor Rathbun’ 


Sn To. 
- development is the analysis of a ‘right arch plus a third dimension added. to. 


make it complicated and that the problem can also be solved by first analyzing 


t 1 ” gkew arch as if it were a right | arch h and then computing torsion, and 


"transverse shears as secondary ‘foocee. “To. obtain the p primary forces, ‘the skew 


arch (Fig. 18) is first projected on a vertical plane at right angles to. the 
springing line (Fig. 19). and the secondary forces . are. _ obtained according 


— 


ae to | the following. method which will ‘be. - developed 1 for the simplest, ease of a 


symmetrical arch with ‘symmetrical loading. such a case, ‘vertical 


shear is zero, the transverse crown bending n zero, and T. 


20. 


Dismissing | for the time being the. M. | consider 
_ the « external force, P, acting at a point, m, on the center line of the skew arch 


(Fig. 19) it: the arch. is cut through the crown by a plane parallel to ‘the 
abutments, the indeterminate system reduces to two eurved 
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mm 
a 
4 
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4 
= 
tm 
include unsymmetrical arches and unsymmetrical loading. ot as 
= called the principal system. It is also assumed that, all planes remain planes i 


The force, P, causes a. twisting moment in a vertical plane yarallel the 
p Pp 
. 4 

abutment about Point equal to P.a, or P tane e (Fig. 18). For the 
purpose of analyzing ‘the effect of such twisting ‘moments, consider the right 4 
we arch as a principal system’ on which ‘variable twisting moments in vertica a 

planes parallel to the abutments 
S These moments are zero at P P and i increase toward the abutment. At Point .. 
nm, the twisting moment, P.a, is shown as a vector quantity. The double- 
headed arrow “distinguishes such. vectors representing ‘moments, the 
ordinary single- headed arrow used to ‘represent forces. _ Looking at. the double a 
head of such a vector - in the direction of the shaft of the | arrow, any moment A 

in a clockwise direction a about the ‘shaft is positive. tty 
_ The moment, may be resolved into. component “moments, one a 


bending moment, bending the radial at n in a transverse direction, 
other. a torsional bending | moment acting in the plane of the radial section. — 
Here, the writer must vary the notation of the paper and ‘adopt | his own. The 


“ former is m,° = = P.a a sin the latter is my? —P, a cos 


ae moments act at symmetrical | points like n’ in. the right half of the 


arch; but when viewed i in elevation the direction of the moments acting onthe 


right half appears opposite to those on the lefty 
These moments cause two unknown reactions at a point, O,, to be determined 
Jater, which will be the origin of co-ordinates just as some similar ar pomt below 


the crown is adopted for a ‘right arch, iy ‘The unknown reactions are a torsional 


a ‘moment, anda horizontal transverse shear, T,,’. ig. 19.) 
? ‘| _ Making M,’ = 1, its corresponding components at n 


will be: my’. = sin op 


and Moy = —cos $; and if 4 its corresponding moment components 


moments due to, forces tn and. reac- 


the total component 


a 2 thy” = 


) tan e. sin nd 


tane. C08 


ail ui 


ul fy zi, 


woled ti hy 


‘Substituting these 


ia bg. 
moments ‘the "general w equations for. isotropic 


these equa- 


“bodies and omitting the expression due to 


ticity of ; of elasticity; is pag 
‘moment of inertia of t the arch about a radial axis through the center. of the 
section ; ; while ‘F is a modified polar moment of inertia (factor of torsion) of oi 


arch ‘as used tin problems involving 1 ‘torsion. 
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4 ~ After substituting the expressions for the various moments involved, the 


P (« —«,) tan (sin® ot cos* 9) dw + (sit 


+ reo cos? d w- T; sin — cos dw = 0 


0 


Here, 09 


say fo at} to motte 13 at bswoety tots 


twice, as a factor of TY and also of these factors. could be: made. zero, 
5 equations: would be greatly simplified, 1 8 tok ei oat 


As =v + c¢,.singandw = u — ¢,.cos integral mentioned 


E 


would become: liw « ada LOK 09 ati 


7 


2 
P tan (v' sin 


* “Versuche ‘tiber die -Verdrehung von Staében mit _rechteckigem Querschnitt”, 


eilungen diber Forschungsarbeiten, Heft pr pitt borr at 


In these expressions, the integral,’ sing cos w, appears 
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As th the > summations involving P (a 1) tan € would be it. would be 
‘far ‘simpler to plot i nfluence lines for the condition, P= = 1, and then load 
_ these influence lines with the actual weights of the arch and fill for dead load. = 


The equations given previously are correct if equal loads act at symmetrical 


points 1 with respect to the crown of a symmetrical arch. Before | plotting in- 


a fluence lines for a moving load of P = 1, it is necessary to consider another ae 


factor. _These formulas were derived for the case 0 of equal moments at sym- 5 aa . 


metrically located points, but having” “opposite. ‘rotational directions. Con- 
sidering the case of two equal moments symmetrically located, but having | Zs 

the same direction when viewed i in elevation, and proceeding as before, it is at 


that there is one ‘unknown. reaction at the crown, a bending moment 
acting at right angles to the plane of the crown section and exprenped — pi 


@,) tan e (sin cos (1— v) dw 


E arch and zero moments on the 1 right half, ; as here the. moments are re equal, ek 


_ Hence, for moments equal to 2 P.aon the left half of the arch, the threo 


are Ta nd M,. Tt follows, t therefore, that, ‘to plot the in- 


fluence lines for M,’ Tey 1P.aon the left half of the arch, the expres-— 


sions given f for M,’ and must be divided by 2. 


into finite sections, and therefore, d w becomes 4 w= 4 ot 


re 
The equations given previously may be further simplified if, 


‘ont to v sin cos + (y+ ¢,) sin odd ai nize 


to of tooqeor d 


— cos + (y+ (sin* + » cos? 4 dw 


— — 1) tan e 
: at the equation for T.’, for a load, P= 


| 
hoo 
Gg 
~ 
PA 
ihe 
_ 
a 
— 
— 
| 
left half of the arch only, 


Hi 

> 


~ 


» 


at stots «8 unifies | bay bar 
9 


" Graphically, the influence line for MM,’ ‘may be drawn by letting the elastic © 


hs Saf line aba owt to 9259 ‘edt 


weights, w,, act ver ‘tically on half the : arch, TI Then, any 0 ordinate, will equal 


) when multiplied by the pole distance, Having 


The ‘for “may” be found in the same ‘manner. First, 


the elastic, weights, Wy act vertically and draw the | string polygon, extending — 
side’ until it intersects the Y- -axis. Then, let the elastic weights, Wy, act 


Prolong each ‘side of the polygon, until it intersects the horizontal X-axis. 


Then, take each pair of corresponding intercepts, A Ly and 4 “and add alge- 


ate 


luence line the' D0 nding P loads, add 


- 


horizontally | and draw the polygon | for these weights i in the horizontal position. 


bracaly. The sign of these intercepts is determined by the sign of w, and 


* * Use these summations: to form a force polygon: If for both these « opera: 


ae the si same pole distance, H, was used, then the ordinates, » _are multiplied ‘i 


by the corresponding load, P, thea en by H. tan ¢, and, finally, divided’ by 2 Ny 
Pes acting”. on half the’ skew ditch. causes a moment about 


to T, or T, tan "These moments lie in a horizontal plane and 


rotate about a vertical axis. Veetorially, they are si shown in Fig. 20. 


acting on on the right half of the arch causes moments about - points: on the 


in the same'direction as those caused by on the left half of the arch. 


at 

y indeterminate system: 


— 
a 
| 
a 
3 
— 
— 
ond th let. 
3 
— = 
— 


a 
ions by. Bs are: 


it. 


x tan é (v’ cos w+u' sin od w,) — 
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iy 


\ 
<2 
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, 


+ 
3 
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y2 


“for the 


? 


> 
doy 
| 
A 
&§ 
q 
&g 
— 


tan 
7 


y inspection, it is readily seen that — gaa cannot be _expremed. 


or graphically. . The graphical method needs no further explanation; the con- a 


struction follows that where there v similar the 


twisting moment for each of the 


The and twisting moments any point of the left half 


the arch h for t the left and the half loaded - 


[divided by 


ot. ia 
2 tan 
5 ce In order to compare the results of this method with those obtained by Dr 


Mareus, the writer computed the indeterminate reactions for the arch of Fig. i 
Ae 17 by the method just outlined and also by the method ‘proposed by Professor 


4 


uso 
Rathbun. ‘The reactions given are for a load of unity acting at the crown and 4 | 


* "209 


« 


4 


| 
Bite 
| 
tim: 
t= 
the P (x—v2z,).tane moments an aic sum 
rue of the 
4 
“A 
| 
4 
3 
= 
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« 
Sigal The total transverse shear on the diagonal section at the crown is equal, 5 
= o + 1.132 — 0.474 = + 0.6581b., while the torsion on the same section is 
— =" _ 
equal to o+ 1.7 15. rt 660 “Sr 31 xX! 0. 658 7 — 0. busi otros 
| The results were, as follows : od} ot 


Join = tb: gai 658 +0. 674 


f e difference between the two sets of figures i is probably die to inaccuracies im 


in of the four simultaneous-equations ‘and in their solution. a 


e 
Before e these forces and torsions can be used to determine the stresses ae 


98%. 091 


T, and Ty, must be combined and the components o of ‘the ‘resultant 


| along the center line of the bridge and at ‘right angles to this then 
determined. This” should also. be done i in “connection the bending 


fi. ti 
om moments and torsions 80. that the arch streases can be found for sections - 


For the figures. given, the horizontal ‘thrust omponent ac acting along the 
=: 


center line is 1485" ‘and the shear at right angles ‘to this Tine is 

* + 0.016. The bending moment about : a horizontal axis through ‘the crown and 


at right angles to the | bri ridge center line is 1,70, while the’ torsion ‘on this 


section is = — 0. 020. Compare these with those given by Dr. Marcus 
MEI © 


In conclusion, the writer wishes to est ‘to designers tl that. the ules laid 


down by the late Professor. Kernot contain more “horse sense” than all. the 

mathematics that | has come to his attention. _ The ‘most important ‘of these. 


= is t which recommends | a right a ‘a ngle in the of the abutment 


2% 


4 

lb 

ion. 
i 
| 

| | 
| 1 | 

~ 
4 

- 


span of 36 ft., a ‘rise of 14 ft, a width of 60 ft., a.thickniess of 14 in. at 


crown and 72 in. at.the skewbacks. The ene width-of 60. ft. precludes 


torsion ‘computations, because s such a long section for a ‘small deptl does 
not follow the usual laws pertaining to torsion op v which ‘the analyses i in ques: ai 


‘ton depend. The mathematical analyses of tHe skew arch mentioned in 


discussion may be of considerable value i in the design of skewed 1 rib arches i  _ 


- which the ratio of width. to depth is low; but an attempt to apply the same 
ses to very wide ribs, involves ‘which are not justifiable. 


Sanrorp- _Assoo. Au. 8 Soc. | (by letter). 
subjecting the skew arch to a a rigorous: “mathematical” analysis, Professor 


Rathbun has brought to light” the inherent “weakness of most of the skew 
arches designed to date, and incidentally.has provided the profession. with 


Be logical explanations of the numerous failures | of this type of structure as we ell 
= as the basis for safe and sane design in the future. ee ee 
first point emphasized by the author, namely, ‘that the stress does not 


“the ‘the shortest route to the abutment, but follows along the axis of ‘the ; 
things the fallacy of the so-called sense” 
_ theories. Offhand, it seems plausible that the stress would take the shortes 
route to the abutment, the mathematical “analysis shows eonclusively 
‘that such is not the ¢ case. and, therefore, common sense give way to 


the average engineer, or designing draftsman, is not suffi: 


the opinion that even if the designer had the equations Professor } 
Rathbun shad deduced for e expressing the crown thrust, he would be unable 7 
-solye them after having. made the proper substitutions. The criticism 


majority of engineers would probably. be this. theory, is too. 


., Granting this to be true—an opinion in. which the writer does not concur— 


‘the paper is valuable nevertheless for it serves to point out specifically the 


dangers in ‘this: type. of structure and thus. enables the - designer to take 
The theory has ‘been advanced that approximate design consistent with 
Shwe OF 2 i a 
ood praetice ean be obtained by considering the arch as a number of adjacent 


rrow rings and by actually, building: it with Rigg joints. corresponding. 


en 
pig rch. elem is designed as a 


* fe. results. as proved “by an arch 


) 
Mission: under the direction. of. Mr A. en, Chief Designing 


— keys e, abutment, are perpendicular to the axis of the arch element, nd 

‘he condition. gives a number. of narrow right arches together 


Supt. of Constr., Allen N. Spooner & ‘Son, Inc., , New York, N. 
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Papers. ] DISCUSSION OF STRESSES RING OF ARCH 


to ‘up a ‘structute ‘that is a arch i in appearance name only 


The earth pressure against the hes be a eliminated bu 
walls at the abutments, 


@yisis 


design mentioned with that. for the ‘mathematical analysis 
to Professor Rathbun’s theory. _ The writer is of the opinion that the balance 
would be in favor of the: complete—and, incidentally, safe—mathematical 


5 analysis and would prove conclusively that Professor Rathbun is a decidedly 


ot CHARLES RatTHBUN,* M. Aw. Soo. (by letter). 4—That there has 


a demand for the solution of the problem involved in skew arch design has — : 
discussions ‘sho iderable attention from the pro- 


| 5 to the practical engineer rather than ‘to the theorist and that could be. read by 


‘ 


the designing draftsman as well as the engineer. _ This required the i incorpora- a 
- tion of a large amount of algebra which has probably, i in a measure, | defeated a 


“its own purpose. - The nature of the problem i is such that the equations deduced ae 


"are lengthy | but, fortunately, not difficult ‘to utilize. 


analyze a given ring for definite loads a ‘designing « draftsman ‘simply 
substitutes figures from his layout for the letters in the formulas. “After 


indicated arithmetical computations, , the crown thrusts and 


moments are obtained and from these the stresses are. computed. Any designer 
_ who would be entrusted with a similar job for a right arch should be able to a + 


Considerable thought was expended in an “attempt to shorten the 
Lit, 
- formulas, but i in the ‘general case none of the terms can well be omitted. : in 
“Tae practical value of this paper to ‘the engineer lies in the demonstration . 


a the skew arch can be analyzed for vertical — as easily’ as a right arch, 2) 

but under certain conditions only; ; the writer has i ndicated the approxima- — 


S tions in this method and issued a warning against using ‘the method if the 


” approximations are too great, or if the Toads’ do not have the nice adjustment 
loads the distress in an arch. ring, then, are those that 
deviate most from the system “which produces a thrust line applied at the 
junetion of the neutral surface and the plane midway between ‘the spandrel 


alls. 


CT 


idrel 


vertical loads lying outside ‘this mid-plan ne. “In a doubt, 


sidered. Int the cases that have come the writer’ attention, the Loads (b) 
3 have been the cause of failure. Professor has given in his a 


- 

| 

on x 

i 

‘ 

= 

aE 
4 

ag (b) horizontal thrust from earth fill; (c) vertical 

Some of these loads need not he analyzed but im ceneral they should alt be 

> 
4 


«DISCUSSION: 


a ‘which is ‘to be orque due e to 
loads should 1 perform a all the computations indicated i in the paper. 


“ * Itn may be of interest to. note that the thrust due to temperature acts nearer — 

the acute than the obtuse | corner (viewing the parallelogram | of the arch» in 
plan), in the arches examined. in the paper, that tis, for 2 a rise of temperature | 


xt the effect is opposite. that indicated for loads. by t the late Professor Kernot. am 


| onl the skew arch, Par it also soe in the case of the right arch. These loads could j 


easily occur in highway Work ‘under heavy truck traffic. ba: 


: After analyzing one or _two skew arches, an engineer should be able to 


Be foresee the effect of loads as he now does in the | case of the right arch, rol 
that to visualize in three dimensions i is more difficult. aay 


aha writer is pleased to make reply to the following pints brought out a 


Dividing the arch ring by construction joints, as suggested by Mr. 

_ Q) Dodging the problem b y “eamou age”, as advocated y Mr. odfrey. 

pee e experiments of Professor Kernot 
Dr. Marcus’ solution. ode sex bit sti 
(6) Mr. Harder’s solution. b 5 

The ‘statement that. the. celia “the 3 nearest to the 

iachy _abutments”,, by Professor Kernot and Mr. Godfrey. 

) The opinion of Mr. Godfrey ‘that the type of arch is 


) Remarks about the theory being difficult and abstruse 


(10 A request for a method of obtaining unit ‘stresses, 


 Jpetéor 


Fis 


(11) An outline 0 of the approximations by Professor Beyer. 


‘Horse sense” ’ solutions suggested by ‘Mr. Harder 
(18) Criticism of the position of the axes by Mr. Harder. : at 


(14 ) Conelusions. from “Mr. Harder’s 8 Fig. 1 25 
(15) Remarks on the formula for torsional rigidity. on pag 140™" by 


The writer fails see gained in dividing the arch ring by 


Am. Soc, C. E., “April, 1924, teek * 
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along’ t planes, such as the' desi vertical loads, no is 
accomplished and probably little or no harm, | However, the arch ring is mate-_ Sh 


22 Ot wey Dr 


rially weakened in ability to carry ‘the horizontal earth pressure or the reac- 
- tions from spandrel walls. This method of construction was one of the causes 
of the failure of the skew arch i 


od (2) “Camouflage” has nothing to do with the of stress ini ‘the 
ring, nor has the subject of “basket handle” arches. 
Professor Kernot’s experiments, as described, are of considerable inter! 


est; his deductions therefrom 2 are still 3 more go. It is ‘surprising that these 


‘ aadeiiidls were made. It is not clear to the writer how he performed the ele 


trical experiment nor what character or position of loads was indicated by the es ai 
result. experiment with the rubber sling can be readily performed | 


hanging a strip from two ‘wires in such a manner as to représent 


slightly, sult desired. ‘The paper has a 
‘tendeney to ‘slip along | the wire, and if this is allowed the results obtained by 
wovig asd w ont, to 


The convincing experiment of the ‘flat falab ‘ont Which Professor Kernot 
“most of his t theory may be be duplicated i in the drafting- -room. _ Support a Tsquare 


‘blade’ on two’ triangular scales placed at the third points ‘on the blade. The 


“scaled should be parallel and at an oblique angle to the blade, supporting, in 
| effect, a skew slab. Load it in the center until it deflects appreciably and note, / 
as Professor Kernot, that: the’ blade bears “only on the obtuse corners 
the ends of the blade down until it is level at the: 


rotation at the abutments. “This is the ‘condition’ ‘on “Now, 
‘This experiment is developed mathematically in writer’s paper. 
fessor Beyer mentions ‘it in his discussion with approval. ; ~The line of reason- 


‘ing JTeading to the conclusions in Professor Kernot’ s paper i is apparently on- 
_vineing, but w ill not stand - rigid investigation. The ring shortening due to 


ik 


Regarding ‘the: of Kent; it n may have 


been’ ‘good practice twenty-one years ago, this makeshift: in skew arch’ 


and estimate their dice is a possibility that ‘more— than 


good i is being done by thus changing the ring. The stresses in statically inde- 
terminate. structures cannot be taken. care of so easily. A ani 


3 (4) A reading of Dr. Fischer’s original paper shows that he assumes, the > 
Stresses to tie ina the abutment. As this assumption 


Be —@) T The writer has been unable to 0 obtain a copy of the paper by Dr. ‘Marcus. 
| As exemplified by Mr. Harder, it is evidently inapplicable to the - majority of | 
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ee skew arches, especially those with a spandrel fill, as the shaded triangles i ig. 


oa 13*), , which i is assumed to be rigid, will form too large a percentage of the ring. 


is gratifying to note that Mr. Harder has obtained the writer’ equations 


wie 


recting for the inaccuracy introduced by ‘the rigid triangles. Sat 
ited (6) Mr. _Harder’s solution a distinct contribution to the subject, as he 
presents in a clear manner snother method of attack, and, by an entirely dif- 
ferent method of reasoning, arrives at the same results as the writer, for one 


system of loading. Doubtless, this same method can. be. expanded. to include 


other systems of loading to which skew arch is subjected. Load of bal 
Both, Professor Beyer and Mr. Harder bring out clearly that the writer 

has submitted a correct mathematical solution. After the formulas have been 
St by. Mr. Harder, the determination as. to which is the most practical 


method resolves itself into a ‘question of which can be understood and applied — 


with the least labor. = To compare these, ‘then, requires the complete solution 


= a given example, including horizontal loads. Mr. Harder has used the idea 
= vectors and also the “vy work equation”. For those 2 who are familiar with this 
of computation, the writer has given elsewhere—under Point hoe 7 


| 


ane showing the ease with which his formulas may be derived. oiatt. 


‘interesting. That t the methods of the writer and of Mr. Harder check, is not 


male ‘surprising, as the same assumptions and approximations were | made by both. 
reasonable accuracy, ote T, , and M, =- This brings. the 


crown reaction and the applied load, and, ‘the abutment reaction, in 


: the vertical | plane half-way between the apendye] walls, a result that could have 
been anticipated. As would | be « ex xpected Dr. Marcus’ approximation cau 


— A comparison of the results of the analysis of the arch of ‘Fig. lit is very 


te ke D 
se Comparing an abutment designed by. Professor Kernot’s method or by D 
Mareus’, method, with one designed to take | the reactions a as 


i. Mr, Harder ¢ or the writer, the first would be made heavy 0 on one end; the second, 


a on the other; . while the others would be designed with a uniform . section. 


(7), It is surprising that Mr. Godfrey publishes. the statement that. the 
1% stresses follow the nearest route to the. abutment without furnishing a proof 
showing wherein the proof of the writer i is in error, 
(8) The fifth paragraph of Mr. Godfrey’s discussion not state the 
ae - inherent fault that this type of arch possesses, unless it is that heretofore a 
_ method of stress analysis has not been available. This fact no doubt accounts” 


‘for the failures referred to. | The idea that all structural failures can be elassi- 
ara fied into a few types is one that if developed would be a boon to the Engineer- : 
a ‘ing Profession. A paper on the subject with its discussions would be valuable 


at (9) stated previously, the writer had in 1 mind the development of 


reader with a seemingly endless series. of equations or to. ‘discourage him by 


* See Pp. 688. a or 


Am. Soc. C. E., ‘February, 1924, Pp. _142- 143. 
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a more difficult to was a Mr. Peck’s 


discussion, the writer r would infer that he had. yet a Jong: way to. go to reach the ah 


by the following ‘method, although would 


ions t¢ 
lue to these reactions are as given in in Equations (27 st which equations should 
e ‘inereased to include the. loading terms obtained from ‘Fig. ‘5f or Fig. 6. 


=a Considering the arch ring rigidly fixed at the left abutment and acting as a 
cantilever, write a set of equ ations for the forces : and huccormeugs in a section of 


‘in turn. By doing the . same for a. a unit moment each axis, a of. six 
equations is obtained. _ Multiply the terms of one set of equations by the cor- — 


esponding terms of the other, in order to produce of 


forces ind moments due to the ¢ crown reactions acting 0 on. a plane perpenc icular 


Le 


to the neutral surface o of the arch and parallel to the Z-axis, that i is, the normal 
. The forces: and ‘moments due to the loading when the section acts 


asa cantilever « can readily be written from Fig. 5, Fig. 6, or a similar diagram 


Given the forces acting on this plane, it i is necessary only» to know the law of 
distribution in order to compute the unit stresses, the usual assumption 
8 made—that , a plane b before bending ‘remains a plane 2 after r bending—the ¢ dis- 


tribution of stresses due to m m, and My are » the same as in the simple beam 
heory. A slight error is here, as the, section the arch ring cut 


one in the beam. The Setribation, of t, is a trifle more complicated. It is to 
be noted that a force acting tangent to the neutral surface P, 
ioment or torque across the normal plane through 
and the shear due to such a force are distributed amour : 
: his shear can be readily calculated, it being the Z- -component of the tangent — 33 
force mentioned previously. ‘The value | this force should be taken | 


a q its component, perpendicular 1 to the normal. plane is equal to. the. calculated 


thrust on 1 this plane, The. remaining portion of produces moment and 
follows the parabolic distribution. The law of distribution of the shear stresses 


aca is very complicated, but for the maximum shear, which occurs. at. 
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plane and on the extrados and intrados, the reference given on page 
140* may be consulted, numerous works on elasticity and resistance of 
materials of engineering, such as Johnson, Merriman, Wood, Slocum, and 
; “aie Burr. In this connection, it is ‘to be noted that in the design | of an arch all cor 
Po the: unit stresses will be small, except those due to ty, to m,, to the ‘part of a = 
& that j is is uniformly distributed, and to m,. There is no question about the law” hie 
of ‘distribution of any of ‘these except the last. nit 
The inaccuracies of the assumptions made by ‘the i ite 
by: Professor Beyer. Tf the designer wishes to be more accurate in the com- 
putation of deformation due to shear by assuming a parabolic’ rather than al. 
uniform: distribution, he ‘should merely” ‘increase the deformation 20% ter 
shown in standard works on stress analysis. As all terms involving shear will 
usually be dropped, this is not! ‘an. important. unless it i is a ‘factor i in Rica! 
laboratory tests on rings of a peculiar shape. The writer ¢ ‘concurs with ‘Prot! 
fessor Beyer that there is a question iether a torsion formula devised for “a, 
flat slab should be applied | to a surface. However, as the torque has” 
3 been taken block by block and as the curvature contained in any one block a 
slight, the writer feels, as: does Professor Beyer, that he is justified. The fixed 
= ends are a similar case. In arch design, it is well known that variations in| 
thickness, ete., at the abutment do not have as” great an effect as an error of a 
the’ same amount at the crown. The arch ring tapers gradually toward the 
i: crown,’ and it is the thin and ‘comparatively | limber part of the ring that has 


the greatest effect, so the assumption that the ends are fixed should affect the _ 
Unfortunately, ‘Mr. Harder has" not retained the faith in his 

_ that it deserves, for he states in his conclusion that “the rules laid down by. _ 


= late Professor Kernot contain more horse sense than all the mathematics — 


iy 


that has come to his attention”. Although the writer i is a firm believer in ; 


oe good judgment in engineering, it is his opinion that stress s analysis s s shot uld be ha 
placed on a scientific basis and the dictates of unguided judgment Hie 


only when no other method is available, and, even then, with great caution. — | 
_ This example of the skew arch, \ where scientific investigation shows that the 2 


sense” method is materially on the side of danger, is a case in ‘point. 


(18): _ writer has chosen the X, Y, and Z-axes as axes of reference, also | 


the u, v, and z-axes es, As co- -ordinates 0 ‘a point referred to one system are 


related to those of the other by the identities, | Equations” (3) and (4);t no 


or error is introduced. pil The system is ‘mathematically exact. 


Another system may be more convenient of but, 


very error that all the forces are nof ‘If is as well 


uF 4 
ye 
ay 
| 
q 
4 = 
a 
2 
| 
a 4 more than 1t does in a column under compression when cut by an reneery. a i 4 
* Proceedings, Am. Soc. C. E., February, 194. 


“iy 
some advance work: or theories on torsion ‘flat slabs, as he ‘feels that 
Oe accuracy of this formula a (Equation (2)*). will control the accuracy of the q 
_ determination of unit stresses due to eccentric loads. It is not a serious matter, wy 
- however, as it has been shown that. these stresses are only a small “fraction of 
te whole and the engineer can adjust his formula so as to be on the safe side, __ 


t was hoped ‘that some engineer who had made a study o of ‘the question wi wou : 
bring out some practical ideas. | Thi s formula was developed by Saint- Venant, 
oe mathematician, | and applies to all rectangles, from the square - to one the 
; side ratio of which is ; infinite. it the engineer fears to use the approximate _ 
formulas given by Mr. Harder or the writer, he can check these against the 
- original: formulas and correct them. — Saint-Venant’s formulas are too unwieldly + 


for use; the writer does not feel that the: labor dewaleed is Justified, 


An approximate formula can be ‘used, therefore, pare in writing this paper, — I 


_ remain planes after thay are 8 subjected to torsion”, is in error | and in ent 
- with his assumption for the value of F.. Mr. . Harder’s 8 ‘statement as to the time 
wasted in making calculations « on the atch. ring g dis 


point of the" ‘paper, f for if the writer's: conclusions are 


eon wt * Proceedings, Am. See. . C. E. February, 1924, p. 05 
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NCREASING THE CAPACITY OF EXISTING STREETS 


to woitoe « ylao oa Discussion a: end, ag 


y Messrs. ‘Harvey W. _CorBeTT, C. D. Hn AND J ACOB L. CRANE, J R. » HARLAND 
T. ‘Kennarp THOMSON, W. W. Cr ROSBY, GrorcE Davison, 


‘Harvey W. CorBETT .+ Ese—Mr. Tuttle has presented an interesting ‘paper, 
but he does not go" far enough. He blames traffic on the automobile. Every- 
_ body blames the automobile. - The automobile i is like the weather Mark Twain a 
i spoke about, “Everybody talks about if, but nobody does anything to improve _ 


Ms! The automobile is” not the only cause to which traffic conditions are — 


It is a a common ‘statement that high buildings New “York 


people; it also concerns the bulk of the building in relation to the street. The a 


street is the artery y which feeds the building with people, goods, food, ete. if 
the bulk of the building passes b 


bulk of the or one > it replaces, yet n not ching is s done with ‘the That con- 
- dition must be met; whether it is . right or wrong, it is a condition. . What can 


a be done to increase the capacity of the existing streets? The city carries three 2 
= easily divisible kinds of traffic: Foot, wheel, and rail. if the traffic problem is a 


For many grade have been considered as a: menace. 


in such to each that ‘they: do not cross and conflict. As 
traffic is the heaviest i in weight, it should go underground. Tt i is already under- 
alae d in the subways. The operation of surface-c -car lines is becoming less q 
and less s successful as a business proposition, and will be ‘abandoned in time. 
Wheel traffic is gradually absorbing what formerly was carried by rail, be- 


cause I more people are riding in 1 motors, and less on street cars and in subw ys. 
‘It is also absorbing foot traffic; there are more people riding than walking. 


‘ is the one great, ‘growing form of traffic. Even. freight 
in ‘past years was hauled in n trains, is being earried not only into the city, 
but after it arrives’ there, in wheel vehicles. m The solution of the difficulty i is, y 


© This discussion (of the paper by Arther Ss. Tuttle, M. Am. Soc. C. E., presented at 

the meeting of the City Planning Division on January 17, 1924, and published on p. 593 of this 
number of Proceedings) is printed in Proceedings in order that the views —— may 
before all members further discussion. 
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simple: ‘Use the present surface of the city for wheel trate 


006 6 shows the condition ‘of an ordinary business street at peak 


‘Note the 2 packages, bales, ete., with pedestrians trying to wiggle t heir way 


through, and a truck backed up to the curb cutting» off three-fourths of 


‘Toad.’ can be seen on any of the cross streets at any time. one-way 


wines: accommodates one line of traffic, as shown by the black car. 


of f transportation of goods. ‘It isan condition and cannot be. 


® | *Fig. | 7 illustrates the first step proposed, that of placing elevated sidewalks, 
brought: up from the grade at the avenues, thus allowing the trucks to park — 


in the space formerly used for sidewalks. Such an arrangement would per 


mit the movement “al three lines of cars, which would increase the | capacity — 


shows: the third step, that of providing parking space underneath 


“Big. 10 shows a city in its ts final aspect, The all go to the upper level 


In this arcaded on. the cross streets would pass bee the avenues as: dies. 


hei 


com 
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Automobiles crossing the city would take the lower level. ‘By using only 


right- -hand turns and -under- cutting x the avenues, s, it would be possible to reack 
any point. of the city without “ted stopped, ‘except by the slowing u up due to 
traffic moving in the same direction. v1 oF ‘iy offis mt 


|] he difficult to approximate what the i increase of traffic capacity would be. as 
The. speaker is , satisfied that 2000% increase of traffic over the present con- 
gested condition, is no exaggeration for such an improvement. 


{oral New York and in all other cities where the traffic problem i is acute, some 
fundamental principle should by which every 


‘ 
rt 


rning 


Til. One two-level five blocks long, is in use; another, 
eight blocks s long, is definitely projected ; and, in addition, there are a number 


of unofficial - proposals for the congested district. By checking the total capac- : 


ity of one-level and two-level streets against their respective costs, the rela- - 


tive traffic- carrying ‘efficiencies become apparent. . 


cago, 


qs 
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‘et 4 Big. 9 shows the completed plan, the foot traffic remaining at the upper __ a 
level, with the wheel traffic at the lower level. Building regulations should 
= 
ta “ping zone would be available for them. The smaller parks would be raised a= 7 
4 
eT 
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principal elements of teen improvements, one-le 
“pared to two- level, are as followas);; rote pa oul Bos 


000000 22.000 000 


of the foundation elaborate nid 
_ expensive systems of footings, extending as deep as 80 ft. below the grade’ of 
the lower level, to support the » columns under the» upper level: This accounts 
for a a of the extra construction cost in the — and 


_ River directly through to the Lake Shore Drive, which, in turn, is a through 


- boulevard to the northern end of the city and the north shore suburbs. For- 


ae heavy | traffic flowing from Michigan Avenue to Lake Shore Drive 


structed to end of Aventis south of the 


was s compelled ‘to take narrow and devious: by- “pass over Street 


ftimishes a wide, direct: roadway, increasing many- fold t the ‘carrying capacity 
of this nost important artery, to and from the business center: Practically 
ithe “passenger traffic passes along the upper level, making it one of the 
carriers the world. bs more” than’ 35 000 


_ The earrying capacity of this level,’ however: ‘would be much les ss if 
it were not for the lower- -level arrangement, which removes the obstruction of 


heavy traffic of teams and trucks along: the line of Michigan Avenue and 
particularly’ across it. The largest single element in the ¢ross-boulevard com- 
mercial traffic i is that flowing to and from the freight yards of the Illinois 
By icy Central 2 and New York Central Railroads. . From 4000 to 5 000 tons of L. ©. L. 
es freight | are hauled in and out of these yards éach day, and the resulting traffic 
amounts to 5 000 or 6 000 teams, trucks, and This! trafic does 
note continue through the evening period of peak density the u upper- level 
SS _ traffic ; i still, if it passed across the upper level, it would reduce by on e-third 
the capacity « of that roadway. The lower- level traffic at t the remaining 
streets—Grand Avenue, Illinois, Austin, and North Water—totals another 


5 000 vehicles, most of which are ‘slow- -moying.. _ There i is also a. street-car - line 


on | rand Avenue, and a a railroad swite iching line, on North Water Street. Tf | 


this additional lower-level traffic was allowed ‘to flow. ‘across “and; along. the 
"upper level, it would still further reduc e its “capaci 
The main purpose, therefore, ‘of this two-level Michigan . Avenue Improve- 


cn ment is ‘the separation of the fast ; passenger vehicle. traffic on. the. Boulevard 


ee from the slow commercial traffic which now moves along and across the lower 


by the of tbe: Pian: Comutiesion. 
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In order to. measure the money value of the time saved to the upper- 
traffic by. this separation, the following ¢ calculation has been made: 
allow the lower-level traffic to flow across Michigan Avenue at the 1 “upper level 
would make it necessary to interrupt the upper-level flow on the schedule of 
' RB a probably | 1 min. closed | to 2 min. open, If the traffic flow. over this length we y 
synchronized by one set. of control signals, each vehicle would experience an 
“average of one and one- -half interruptions of an average duration of 4 min. 


each, during the w working day, from 00 a. to 5: 00 ‘Taking this 10- 


“upper- ‘level flow. at 36 000 vehicles fa Sure which is probably already 


ie a wo would be pric by the slowing down of ‘all machines passing over this eg 
‘The average speed now attained with the upper level free from cross traffic is x ; 
about 25 miles per hour, compared with an average . of about 15 miles per | hour i 
that would be possible. if this were a one- -level improvement. This factor 
for | an average saving of 1 min., gives an aggregate saving of 
a 4 36 000 vehicle-minutes, « or of 600 vehicle-hours, per day. The total time saved = 
is, therefore, ne ot less than 1000 vehicle-hours day. evaluating this 
i time at $2. 50 per hour for vehicle, driver, and passenger, , extending it over a a 
day year, and capitalizing | this amount at 7 % to cover interest, deprecia-— 
en and maintenance, a total of more than $10 000.000 is obtained. - Farther- iss 
‘more, there i is the saving to lower- level ane: which amounts to an average 
1 min. for two-thirds of all the traffic. Using ‘a traffic flow of 15000. per 
a day, a total of 10000 vehicle-minutes, or 167 vehicle- hours, per day is saved. 
Evaluating this at $3 per vehicle- -hour, exténilitig it over 300-day year, and 
pitalizing ¢ at gives another saving of $2 000 000. It might be 
Sa, that the city would be justified in spending at least $12 000 000 to 
a two- -level instead | of a one-level street over this ¢ distance. As dhown 
previously, however, the two- ‘level improvement costs only, $6 000000 more 4 


= . one- -level street would have cost. This extra cost is all in 


was required in this instance make the It is found, 
3 therefore, that, for this Tank: two-level arrange- 


galled, the, South “Water. ‘Street Improvement. Its objective, many- sided. 
Even the ‘one-level | improvement originally contemplated would accomplish. 


of the entire ‘city. In addition to the street to 
operation of the Market, ‘the, traffic to it and from it is one of the major 
elements of congestion in, the other. down- town streets. > Second, by raising the 

4 ‘street. to the elevation of the bridge floors, the present steep ramps from South — 


Water Street to ‘the be eliminated. __ Third, 


- 


7 
4 
4 ° 
yp. 
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Mievs 
ext e, traffic going west or:southwest, and vice versa; also, it would serve to dis- _ 


“erty ‘and for boulevard treaty 


ti 
to Such a one- -level street would have sufficient all the combine 
traffic that both levels ‘Ot the ‘proposed | project are likely to receive. n that 


B. _ ease, however, as may be seen from Fig. 13,* the South Water Street Improve- : 


could not ‘connect with the level of Michigan Avenue and, at the 


avy commercial traffic flowing from the lower 
el of “Avenue. Tel is extremely it important to ave this wer- Jevel 
a traffic carried on South Water ‘Street so as to avoid ‘the “Loop” streets. 


_ However, the. lower level of ‘the proposed “South “Water Street Tmprove- 


B: af ment will serve. for more than an outlet to the Michigan | Avenue 1 lower. level. 
Although it it will, carry ‘this heavy traffic without interruption at cerose-streets 
Be ov rer a separate right of way around the congested business center, it will also 


eliminate the otherwise serious factor of delay. caused by crossing y line of 


=) 


thi is level along Wate er, was not to 
With the Michigan Avenue improvement, would the two- -level structure be 


= justified? Tt is officially estimated that ‘the two-level street will cost about 
000 000, whereas. the same improvement carried ‘out on one level only is 

timated to cost about. $11,000 000, or. 50%. much. contrast to the 
_ situation at ; Michigan’ Avenue, ‘two- -thirds of the excess cost. is necessary in 


this-ea case for extra land. boititeut od | ad blvow atio 
om This extra of $11 000 000 will ‘separate perhaps 6 000 ‘commercial 
* Bs vehicles pe er day on the lower level from, perhaps, 10.000, ore} ven 20.000, pas- — 


 senger vehicles per day on thet upper level. bluov ale 
low It is 3 difficult to estimate accurately the saving in time which’ “qi accrue 


to’ vehicles by virtue of the two-level separation, but it can be approximated. 4 
boat _two- thirds of the lower-level traffic 1 will continue over the full length 


of the improvement. ‘The ‘delay, therefore, to this traffic would not exceed, 
; for a one-and-one schedule at cross- -streets, an average of 41 min. each for one- 


half! the traffic at each of seven cross-streets, or a a total ‘of 175 vehicle- hours 


day. The reduction ‘in average s speed from’ 20 to 10 miles | per ‘hour for 
two-thirds of ‘the traffic would account’ for ‘an additional 150 -vehicle-hours 


‘per’ day. Applying these figures to a 300- day year, and ‘capitalizing at 1%, 
the sum’ of about $4 000 000 is obtained. ‘upper- cross-street traffic, 


mara i perhaps, , 80.000 vehicles per day on all the seven’ streets, would be 


aved, on an average, not more e than 3 min. “each for one- raed of the vehicles. 


woh ¢ + The the “Boulevard. Link” were 1913; before ‘the plans for 
‘South Water Street were vere: oar 10 Jeow, iog 
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ee tribute traffic through the “Loop” as from a header or feeder. Fourth, it 
t of dilapidated river-front prop- 
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a “A any other situation in the City of Chicago. In addition to the cost, there are 
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far short of the extra cost of $11 000 000 4 for ‘the tworle -level arrangement. 


_ Although maintaining 1 that the two- level structure is necessary by virtue 

of its relation to the upper level of the Michigan Avenue Improvement, never- 4 

_ theless, it is not believed that, considered as a separate project, the advan- — 4 

tages of two-level. structure justify the additional cost. The lack” of 

4 justification is due to the great cost of extra land needed. for the two- level io 

_ structure, and to the small volume of traffic which can use it. as 


4 


Considered together, the Michigan Avenue and the South Water ‘Street 


Improvements, as proposed, will have cost about $37 000 000. As one-level 
- improvements, they. would cost a total of perhaps $20 000 000. . The total extra 
expenditure isnot excessively. burdensome and is justified because of its 
-vitally important effect on the traffic capacity of Michigan Avenue and of the — a 
other streets concerned. is true, however, only because of the critical 


| 


importance of ‘the arteries involved ; probably it would not be justified for 


“always considerations of darkness. and poor ventilation on lower levels, and 
also of the added load placed o on other streets to carry the traffic to rie from 


the high- capacity two- level streets, pyramiding rather than solving the con- 
gestion problem, as illustrated by the need for two levels. on South Water 


Street to co-ordinate with Michigan “Avenue. 


There are frequen suggestions for two-level streets thro ughout 


. 4 “Loop” in Chicago. A far more rational and desirable solution of the down- _ 
town “congestion problem Ties i in decentralization of business and -com- 


merce—the process of drawing business: and the traffic that serves business 


he 


‘away from the “over- -congested centers, planning and bu: 
services” with this aim in view. Representatives of both the Chicago Plan 


a 


Commission | and the Chicago Regional Planning Committee have gone on 


record as holding’ this kind of decentralization as one of the main “objectives 


‘ of their work— to make the two- level street unnecessary in the future 


Hartanp Bartuotomew,* M. Am. . Soo. C.. E.—Mr. Corbett’s ingenious 
plans represent as interesting a ‘solution of the problem of separation | of various i 
kinds of street traffic as could probably be devised. ‘They are better by. far 1 than 

any. actual work that would be done and illustrate how difficult and complex 
would be the. problem of, private property development. Their success is 

almost. entirely dependent on ¢o- “operation and simultaneous improvement of 

large ‘number of adjoining propertice--an, extraordinarily ‘difficult 

= _ Assuming that some city might find itself fortunate enough to ‘accomplish — eo = 

cae and finance such a separation of street traffic, » what problem would have been oe 

solved? 1 More traffic would be accommodated, but it would be just. a question — 


4 of time before one, , if not , all, of ‘the several street levels would be congested. 


then what? More levels to accommodate more traffic Where would be 


g 
g 
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| found in a different method of approach. 
© Engr City: Comm, StiLouis, Mo. 
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city. has « street space i in its business districts: accommodate 


- all its traffic. The volume of use is increasing 


Even though a saturation point of motor- -car ownership might be assumed, 


it would be financially impossible to provide - for unlimited accommodation of 


‘The first step toward a of this problem i is the reduction or elimina- 


> « 


thes of ‘unnecessary tratlic movements. Studies recently made i in several cities 
bia indicated ‘that from 20 to 40% of the vehicle. movement was commercial in f 


(yt) 


character. The remainder consisted of individual pleasure ¢ cars, a small 
“4 portion of which | conceivably might be engaged in strictly commercial use. 


4 Certainly, a large percentage of present street traffic bears little relation to the 
business development of the community. traffic should either be elim- 


inated entirely from congested areas OF at least be confined to a limited number | 


pro- 


gi 


& that can be accommodated in the streets of ‘business districts increasingly | less. | 


ery 


he second step toward a solution of this problem is to correct existing © 


7 F 24 street widths and arrangement 80 as to permit the greatest possible freedom and — 
a circulation of traffic movement without inviting prohibitive expense. ¥ Yate a 


third and | last. step will be the ‘decentralization of congested areas 


by enlarging t the area of central the of ing 


‘There can be no ‘complete solution of this problem without the limitation 


of ‘the size and growth of cities. To invite the tremendous expense implied by 


& ‘Mr. Corbett’s s plans is to enter on an endless pyramiding of expense. The i idea 


of constantly increasing ‘the | height of buildings and attempting to provide 


accommodation for an ever- increasing trafic at their base i is making Progress” 


GP BI 


4 


backwards and can lead only to economic strangulation. 


oii The two instances: of separated street grades in ‘Chicago cited by Messrs. ‘ill: 


os 
Crane are excellent illustrations of the economic impossibility. of ‘the uni- 


versal application of Mr. Corbett’s plans. There are not ten cities in the United 
- States to- -day that can afford rapid transit subways, for instance, and yet hun-— 


dreds of cities es have street traffic congestion problems 


The fact that separated street grades will solve no traffic problem 
-nently i is justification for the assertion that proponents of these should not look 
an public revenues for their execution. Before inviting huge public expendi- 
ae tures for work of this character, engineers should first ask how far a city’s 4 
 eredit might be taxed for the purpose of ‘securing increase in ‘Street 

ie When the huge demands already made on municipal r revenues and credit are 

considered, it becomes increasingly clear that any city’s financial 


re 


that will or or distribute traffic, gach’ as, (1) ‘redueing 1 uunmecessary 


- - movements; (2) correction of defective means of circulation; and (3) — 


ment of area, reduction of height, , and decentralization o of business — 


a iz. 
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Papers. DISCUSSION : INCREASING THE CAPACITY OF EXISTING STREETS 


bhi . Kennarp Tuomson,* M. Am. Soo. C. E—The Society is greatly indebted 


to Mr. Corbett for his valuable and remarkably well presented discussion. Fo or 
* more than thirteen years, the speaker has been working on a problem which i is 
much simpler, inasmuch as Mr. Corbett’s task is hampered by existing « con- 
- ditions, whereas that of the speaker is untrammelled by such obstacles. There is — > 
4 an opportunity to create an idealistic city 9 sq. miles in area, in the heart of © 
2 New York , without destroying any existing property, simply by “extending 
ihe Mr. Corbett’s excellent suggestion that cross-streets pass above 
would certainly be a great relief to the present congestion. 


OW. st M. AM. Soc. E- suggested have been ex- 
Los. Angeles where the ‘speaker has been frequently, traffic conditions 
have improved, but are not yet ‘such as set an example for New York. The 
excellent suggestion made in regard to a platoon system of regulating traffic, 
= some defects in practice, as pointed out by Mr. Bartholomew, and those de- 
fects are decidedly in evidence i in Los Angeles at present. ae 
must be that, in America, rules and. regulations 
concious 18 control better ‘the automatic regulator is not too 
delicate or too likely to get “jammed.” he great trouble in Los Angeles is 
the habit of pedestrians to ignore sigiale, anid the tendency of other traffic ao 
The theory of separating foot and vehicular traffic appeals strongly as as 
eine of simple automatic eontrol. It may be of interest to note that one o 


Po res 


f Lig oldest cities in England—the City of Chester—has double, decked areaded 


how both stories are still used for foot pesmengers and the a 
yet appropriated the lower level for parking spaces. 
The arcaded streets in Europe and elsewhere are well known and have 


in increasing the vehicular capa sity of the 


12] 


= oll It may be remembered that i in 1884 there was a proposal to build a ae 
under Fifth Avenue which was thus to be made a double-deck street and s 

important “feed”. The problem in New York has been. attacked and partly 

solved, but it seems that some ‘Tepression of the demands on the streets will 


es have to be enforced ‘or else. some suggestion such as that of Mr. Corbett. will ; 


Gronce M. Am. Soc. C. E.—The word “repression” has been 
bir future, 
there will be, “a great deal done in the way ofr repression ‘that will help the 
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of congestion i in large cities. Other discussers hove in mind 


that the car business wi ill and, its traffic will ¢ con- 


: = gestion, and that fmally the point of saturation will be reached. It does not 


"traffic can be by- -passed | around the “Triangle” without any serious incon- 


possible that the automobile industry can keep on making cars” at 
present rate, absorbed d by new customers the United States. ~The 


manufacturers will work largely on substitutions for) worn- -out equipments, 


which naturally will not increase congestion. The demand for cars by people 


Ww ho have not previously owned them, must diminish materially ; otherwise, the — 


— would come when every adult » would. own and operate a car, which con | 
= is not ot conceivable. _ So, generally “speaking, the problem of providing — 


the future automobile traffic is not as serious as stated. 
The problem in New York is different from that of Pittsburgh, Pa., where — 
the speaker is a member ofa a committee | which has recently b been appointed to : 
study the problem of street congestion. As it would appear at present, Pitts- 
burgh cannot afford to have rapid transit subways; the best it could do would 
to build subway loops for trolley cars in the congested part of the city. - Build- a 
ing such loops, would relieve the congestion of the traffic 1 in a small area known > 4 
is the “Golden Triangle”, , but even then only by a few hundred street an 


each’ hours, not "materially 1 ‘reduce! the 


‘as are shot! oceupied by The large’ 


_ are located within this area, and the “lady of the house” adds her share — 
oa confusion by causing her ¢ ear, which may represent only herself, « or, at most, — 


a family of three or four, to oceupy, 100 sq. ft. of space for an hour at a time. 
ae Meanwhile, the street car carrying 40 or 50 people, is occupying a moving © 


As far as the Committee has observed ‘and truck f[ 


: _ venience, and those who now drive their cars into parking spaces within it can, 


with no additional discomfort to themselves, leave their cars at parking spaces | 


There is . an economic question involved in this’ whole matter, at least i in 


a 


Bitar —the large sums of money which it may be n necessary to expend for 


underground loops for street. cars must shave their interest, payments carried 


fort many years and eventually be amortized. . Who shall be burdened with these 
payments? Surely. not the street car rider, because he is now » 0 
and with some reason, that he is paying too 1 much at present. It is not his a 
vehicle , that is ‘the primary cause of the congestion. pa If not he,*then it must 


be the taxpayer. Arriving at that “conclusion, it must considered that 


ation; these few a are the automobile 
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usands of pleasure automobiles and commercial trucks. Not 
a » difficulties arises from the parking of cars in double | g — 
a 
| 


would seem that. there are | two general plans on which to work, One 
be to formulate better regulations for controlling the automobile and 
truck, traffic in order that the occupation of the ‘streets might be — 


reduced ; and the e other, planning street improvements for by- ~passing purposes, 
ie ‘automobile and truck owner carrying the cost. — The speaker realizes that 


_ there must be new legislation enacted to cover the latter case, but believes oon a 


there is fully as much reason for the vehicle owner to pay a license fee to the 
city wherein he resides, as that he should pay a fee to his State, from which 
his benefits are much more obscure than those that would i inure to him i in the A 


maintenance of proper traffic conditions i in. his city. ih hinty dane: edd 


 Grorce T. S SEABURY, M. Au. Soc. ©: _E. tiles discussions, Messrs. 
and Davison have touched on a practical point. idealistic 


discussed have been inspiring and some of the vision has been caught, but it 


not be. Traffic problems are imminent, and must be solved without delay 


without co considerable expenditure. Engineers may ‘not dream visions; 
they must work out practical simple solutions and at once. 


4 
Like Mr. Davison, the speaker i is one ofa committee charged with devising 


solution, applicable at once, to the congested existing streets of a 
city namely, Providence, I. Trolley, vehicu lar, and pedestrian traffic is 


now using all the pavement not occupied by standing automobiles and all: 


too frequently it finds the space insufficient. 


that most of the vehicles that wish to. use the ‘pavement area purposes of 


4 transit must be allowed to do so. If the p premise were that all vehicles that ; 
desired to move through the streets of the congested ar area should be allowed — 
to do so, the most obvious solution would be the elimination of parking. : Ss a 


is necessary, however, for all vehicles to use those streets and segregation 


= be made between streets primarily for trolleys and other streets without - ; 
trolleys. It is practicable to re-route either the automobiles in large part, or 

the trolleys In Providence, the latter has been accomplished recently, though 
a with loud com mplaint—not entirely unju stified—from the trolley 1 users, Admit- 

ting the ‘possibility of re- routing more, if necessary, the solution must: 
depend onsome other factor. roe 
2 Providence is not so laid out that it suffers particularly from through traffic; ee 

nf at least, none of the streets that now need attention needs it for that reason ~ 
except during the afternoon rush hours. “Consequently, any attempted 
gation of vehicles reduces are to segregation of types than to segregation 
‘separate streets. ‘The mind at once jumps to the tentative decision that 
vehicles used for pleasure or, perhaps, even for convenience, should ‘not 
Be _ Permitted i in the center of the city. - Such a conclusion is somewhat warranted : 


. es an analysis. of the amount of space used by the several types of vehicles as 


_ghy 
‘compared with the justifiable use made of that space. Tt appears ‘that the : 


trolley” car is used to move about 80% of the population that does business in 


ie he congested a area and that the remaining 20% is moved by automobiles. It 


‘appears, moreover, that one trolley renders service to approximately 40 people, 


2 * Pres. and Gen. Mer., George T. Seabury, Inc., 
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THE CAPACITY OF EXISTING STREEI STREETS 


oe one ne automobile serves only about 2 people; in other words, a : trolley ai 


fe equivalent in carrying capacity to 20 a utomobiles. The street space needed — : 
moving trolley is something | like 100 lin. ft., whereas the space on the same 5 = 


; street needed for a moving automobile i is from 20 to 25 ft. ‘Therefore, the - use 4 
of street space for the transportation of people by trolleys is more efficient = 
1 than that by automobile i in a ratio of at least 4 to 1. It is admitted that sub-— “ 


ways for trolleys would be advantageous, but subways are an impracticable 


solution on account of both time and money. a Xi 


ee = It has b been shown that a as 8 between the trolley and the passenger automobile, = 


use of the pavement automobiles engaged in other than “passenger: traffic. 
i It would ‘inflict an almost impossible k burden on the t transaction of business to — 


a exclude commercial vehicles from the use of the streets not only oe 


of transit, but for loading and unloading. Here, again, the elimination of 
a oo the parked passenger automobile seems the logical immediate solution. © It is 


admitted that. the commercial vehicle abuses its logical pre- eminence. The 
towel-supply the ice cart, the -spring-water delivery automobile all loiter’ 
along, and too frequenntly stand unused i in front of a business house for long 


‘period In the main, however, the city is for business and the il 
doing business m 


The much-to-be-encouraged business, however, does not confine itself 

_ the use of any one type of automobile. Any general segregation based « on the 


Ss ype , of vehicle is, therefore, inapplicable to the great majority of streets. _ Thus 
reasonin 


premise in regard ‘to the necessity: of hes the present ‘streets 


a baie Granting this premise and laying aside, for the moment, any opinions with | 


to segregation of vehicles, ete., ‘it seems there isa constructive method 


a 


& that should lead to a solution of the problem, as illustrated by the plan the — 


Committee i is following i in its study i in Providence. 


Considering each street by : itself, an attempt is being made to decide how 


many lanes of moving traffic are needed to permit the passage of all vehicles. 
Coincident + with this, a decision is made as to whether or not. it. is possible — 


to permit the standing of automobiles on. that street. the width of the 


existing is such that. ‘the requisite number of ‘moving lanes can q 


possible, it. ‘is to consider that. passenger type 
ay do no more than Stop to take on. or to let off passengers, nor the com- 
ni mercial vehicle do more than stop fc for. the time necessary ‘to load or unload. with . 


reasonable dispatch merchandise ready for loading. or. unloading. 


such process of. elimination it. ‘will undoubtedly develop. that the 
permissible ‘parking § space e will b be ‘curtailed. ever more vehicles | desiring 


WALT 


to with | less in which, to: 80, the only equitable. solution 


to. the ‘pavement are pro- 


mitted. ‘This solution, it is ‘believed, w: 


ry 
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DISCUSSION THE ACITY EXISTING STREETS 


‘moving lanes will, vary with the ‘Iti is Fine to bas 


the number of moving lanes needed on the early afternoon traffic and to desig 
_ nate streets or zones in which, during the late afternoon rush hours, all vehicles 
- shall be required to move. . In this ‘ “all- rolling zone”, both ‘the parking of auto- 


mobiles and the loading and ‘de ivery of mere eliminated ‘except 


+ 


ON THE STRUCTURAL DESIGN OF ge 


q raised as to the x relation of ‘of the concrete to displacement of 
a 4 an _ asphalt top ‘under traffic. The speaker has inspected the Arlington ex experi-- 
ments (but not since any of ‘the sections were taken up), and is interested i in 


the progression ‘of movement in the sections | which shoved; whether the shov- = 


apparently progressed from the top down or whether it ‘was most pro- 
nounced at the point of contact with the base. — He understands that metal ” 


: ‘plugs were buried at different points in the mixture for the purpose of deter- 
P mining the relative movements at different depths. 4 It is thought this will be am 
i important 1 matter to determine, and may indicate whether or not the smooth- | 


ness of the base has any effect upon shoving. 


mother question is in connection with the impact test results. _ The basis of a 
“comparison of resistance of the different _ types of appears to be the 


number of pounds of impact required to cause failure. The question arises 


2 as to whether this is the proper gauge to use for different classes of materials. 
speaker believes it has been ascertained that a 5- ton truck 


ae ata _ speed of 12 miles } per hour, and genes: from a height of 2 in., delivers 


and designs of road slabs” or road structures, on a basis of impact pounds 


will not this mean that the conditions causing | the number 


4 
severe in one case another—and, if that j is so, is proper to make 


the basis of comparison entirely on impact pounds Comparison should be 
made a as regards: the behavior of the different types subjected to the si same con- 


w causing failure. 4 


i of construction under impact as has been done under static or suddenly 


applied loads? Is it not possible that fatigue may play a | more. important part 

in the resistance of rigid structures to impact than in their resistance to 


i ier _ * The discussion (of the paper by AL T. Goldbeck, Assoc. M. Am. Soc. C. E., presented at — 
the. meeting of the Highway Division on January 17, 1924, and published in April, 1924, 
Proceedings), 

ine before all members for further discussion. _ 


Chemical ‘Engr., The New Yor 
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N—ITS RELATION ‘TO HEALTH AND ‘LIFE 


as a struggle against, environment. <deseription undue emphasis on on 


terminated by 


it is maintained by utilizing the favorable 


Health i is the condition of being attuned to the environment. Ton maintain 


“this man the services of two | groups of spe 


increase the span of life, must utilize the services s of both these ‘groups. A Pos- 
sibly the functions of the sanitary engineer in public health are, from ‘their 
of greater and scope than those of the The latter 


handles matters of m more © general publie i impo) 


health has become closely connected with ‘the physician, whose Princip 


| = neer are at as “necessary to the public health a as ‘those 


Unfortunately, the training, mental habits, and practices of the] 
the e engineer are so at variance that they do not work’ well together and either 
is prone to assume an attitude of contempt toward the other. - This conditi 
shows itself in a the discussion as to v whether the head of a public health yl 
i Bey should or should not be a physician. | The w writer does not consider — 
3 that the requirement that a public health officer sl should be a | doctor of medi- a 
eine is wise, but he would not go so far as to state that the: > use of a physician 
3 in this position should be forbidden. It is an administrative office, the require 
ments" for which be administrative a ability. Neither a physicia or 


sanitary engineer can be a successful health administrator ‘without. proper. 


Se Be discussion (of the paper by George C. Whipple, M. Am. Soc. C. E., presented 
‘4 before the Sanitary Engineering Division on January 15, 1924, and published in April, 1924, 
Proceedings), is published in Proceedings in order that the — expressed may be brought 
before all members for further discussion. 
Senior Asst. Engr., Conservation Comm., Albany, N. 


Received by the 18, 1986. 
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= : SANIT ITATION—ITS RELATION TO HEALTH AND I LIFE [Papers. 


- preliminary training in a that work. If he has suitable administrative capacity, 4 


and ‘to be guided by their opinions, 
writer would consider administrative cleavage between ‘Public 


health and public | sanitation | would be most unfo 


he nt he appreciates s that | present conditions are far from “ideal 
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ss MEMOIR OF ADAM LEONARD BUS 


ina ide oi MEMOIRS OF DECEASED MEMBERS 
—Memoirs will ‘be reproduced in ‘the volumes of ‘Transactions. Any information 


‘% Bis which will amplify the reccrds as here printed, or correct any errors, should be forwarded to 
the Secretary prior to the final publication. 


aM BUSH, M. Am. Soc. C. E.* 
—_ 


was biden at J Pa., , on Feb- 

a's 


After learning the trade of carpentry, and teaching mathematics for some 
time, Mr. Bush entered the field of structural engineering by way of the tem- 


 plet shop. His mathematical ability and his « experience in templet-making, 
attracted him to the ‘structural drafting: -rooms of the American Bridge 


Company, at Ambridge, Pa., and afterward into structural engineering. 
running narrative of Mr. Bush’s experience, with dates and the positions 


- that he held, could not do Justice to his accomplishments. His career paral- ee 

that of “many structural engineers who have advanced from ‘the intri- 


eacies of the skewed portal and sway-bracing of the drafting- room to the 


- Mr. Bush was ‘Chief Engineer for Parkinson an nd Bergstrom, Architects, a 


7 


_ rs Los Angeles, Calif., from 1909 until 1918, and designed the structural work 
for: about twenty of the largest buildings i in Los. Angeles and vicinity, includ- 


¥ 


ing 1 the Hotel Utah ; and Annex at Salt Lake City, Utah, which cost about 


In 1918, he was made Engineer of Construction in the Concrete § Ship Divi- 

bs, sion of the Emergency 1 Fleet Corporation and was instrumental i in developing — 

the concrete ship which, although | an experiment, furnished one if 
est engineering problems of the World 


a Bush was interested for 


“4 Soe. Cc. ‘and the structural and reinforced 

a form ‘many large buildings erected in Philadelphia during 1920, 1921, and 1088, 

4 a a his associates will ‘remember Mr. Bush as a ‘man of the finest character 
a most capable ‘structural engineer, the ‘seasoned type with whom ¢ others 

delight to, associate. A final tribute to his success and outstanding ability 

© came in the form of a request from Edwin Clark, Assoc. M. Am. Soe. Cc. E, oe 

: hel Chief of the Bureau of Building Inspection « of Philadelphia, for him ‘to ae 

organize the ‘concrete inspection force of the Bureau after it had been i 


paired by. illness of former This, his work, was a service 


by Phili 8. T re, Assoc. 


2 
a 
= 
: 
_ 
| 
| 
Concrete Steel Company, of 
vial 
| 
q 
Ge He had patiently acquired, throug study and actual practice, from 1902 a 
until his death on October 21, 1923, a remarkable engineering equipment. 


MEMOIR OF JAMES HENRY CUNNINGHAM 


= - after a year at Edinburgh University, he entered the ‘office. of ‘Messrs. 


ae Edinburgh Royal Blind Asylum and also of the Deaf and Dumb Institution, 


| he: serv red for eleven years, giving much time _ work to the furtherance of 


of en engineering. Inv those 1 ripe. days. before his death, he needed 
consult few authorities in regard to his problems. 


oii Bush was | elected an Associate Member of the American Society of i 
Civil Engineers on October 4, 1910, and a Member o at ‘March 2, ee a8 


JAMES HENRY CUNNINGHAM, M. Am. Soe. E* 


a 


~ 
he was ‘the son ‘of ‘the late ames 


ames Henry Cunningham received | his education at Edinburgh 


nd ‘Blyth, Consulting . Engineers for the Caledonian ‘Railway, as an 


articled pupil. After serving an apprenticeship of four years, , he continued 


with the firm “until 1875, having been employed in field work and in the prep- 
pe aration of plans and estimates for the. Caledonian Railway Company. During q 
this time, he was also engaged on plans and estimates for bridges _ and other 


work J for the various railways constructed by the firm. ‘During the last three 


years of his engagement, he served as Resident Engineer 


the work on the Balerno Branch of the Caledonian Railway, 


In October, 187 5, Mr. to United where he 


= 


Having given up his on his return to Edinburgh, Mr. 


Cunningham voluntarily devoted his time to the religious, educational, and 


~ se 1903, , he was elected | a member of the Edinburgh School Board, on which 


erve 


ie 


SNP Mr. ‘Cunningham was well known as an antiquary, and from | 1891 to 1899, 
he ser 


ai also took great ‘tbe’ in arran 
view ancient camps and historical ‘buildings in Scotland. 
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Burns to his Alexander ‘and which he 
_ carefully preserved, , to the Trustees of the Burns Cottage at t Ayr, as relics of a 


wa: was married to Miss A. M. Pellatt, the of Henry Allen Pellatt, 
He was a devout and sincere Churchman, : and devoted himself unreservedly 
to the cause of the Scottish Episcopal Church. He served as a member of the 
Educational Board. of the Church, taking especial interest in the Training 


College at - Dalry House and the erection and furnishing of ‘the College Chapel. 7 


“unaffected, and ¥ was equalled by his large- hearted charity, his kindness, 
rd OF his: private life, it has been stated that “Mr. Cunningham was a a 
‘example of the Scottish gentleman, devoid of pretence, with a a certain reserve _ 
came of. sincerity, full of interest in all concerns that matter, hospitable 
affectionate, with a Wholebtase detestation of humbug 


on on August 6, iw gatrub 


tod 


DALTON, M. Am. Sov. C. E.* 


at 


Ocroper 28, 1923. 


to shortly thereafter to "He was reared ‘and edu- 


under pioneer surroundings, which fact accounted in a measure for that 


‘tugged, stalwart, substantial, and true man into which he developed. 


Mr. Dalton was educated i in the public schools of Montgomery County 


the High School at Independence, Kans. Subsequently, he attended the 
versity of Kansas" at Lawrence, from which he was graduated in Ane with a. 


tthe degree of Bachelor | of Civil Engineering. 


‘road. After his graduation, he resumed his engineering work as Transitman 
with: the Union Pacific Railroad Company and was soon promoted to be 

- Assistant Engineer. In February, 1891, he became Resident Engineer on the 
“construetion of the Texas, Louisiana, and | Eastern ‘Railroad. From 1893 to 
1808, he employed, successively, on preliminary surveys in Colorado, i 


private ‘practice in Lawrence, Kans., and as Division Engineer on the 
of the Kansas and Gulf Railroad. In 1898, he was 


the ing ‘of the Verdiquis ‘Talley, Independence Western Rail- 
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MEMOIR OF OF BENJAMIN BRENTNALL 1 LATHBURY 
eae Louis and North Arkansas and the Arkansas and Choctaw Railroads. From 
er. 1908 to 1905, he served as City Engineer of Lawrence, and, in 1905 tend 1906, 
as Chief Engineer o of the Denver, Enid, ‘and Gulf Railroad. 
; to a September, 1906, Mr. Dalton was appointed to the Faculty of the Kansas 
_ State University as Associate Professor of Civil Engineering and Professor ; 
of Railway Engineering, where he remained ‘until 1914. a3 Loi caw pos 
When the law for the valuation of the public utilities | of the State of cou 
Kansas was passed, Mr. Dalton’s services were requested, and he spent: four- 189 
teen months with the Public Utilities Commission. edt Xo adh ot En, 
‘The « enactment of legislation by Congress having provided for placing 
values on all interstate railroads, the Interstate Commerce Commission organ- f As: 
zed its field forces by districts » and Mr. Dalton was made Assistant Engineer fro: 
the ‘Western District, with headquarters: at Kansas City, Mo. He re- 
_ mained in this position from 1914 to 1916, when he was appointed Chairman = me 


of the Valuation Committee of the Missouri, Kansas, and Texas ‘Railroad, not 


with offices at. Parsons, Kans. He held this office until Augu st, 1919, when 


- failing health compelled him n to relinquish it for that of Assistant Engineer, § in : 


in which position, with lighter duties, he could still devote his time and re- 
energies to the transportation problems of the country. 
After | an heroic struggle, during which he showed not only courage , but 


‘Chiation fortitude and charity, Mr. Dalton “passed to his reward on October 


 Ond une 9, 1886, he was married to Louella Otwell and ‘to that 1 union there 


were born four ‘children, three « of whom, William 2, Mrs. Marley R. . Brown, 


and Mrs. ‘George Henry Buecking, Jr., ‘with Mrs. him, 
them He was a aman of sterling worth, his early surroundings having laid a 


or. ef 


‘groundwork | of character developed throughout. his entire career. 
4 


a hard and enthusiastic worker, simple. in his tastes, but broad his 
_ understanding of human nature and the problems of his profession. To his § and 


Mr. Dalton was a member of the Sigma Xi and Tau Beta Pi Fraterni- firn 


ties, of the American Railway Engineering Association. He was a del; 


_ member of Acacia. Lodge No. 9, , Ancient Free and Accepted Masons, of Royal 
Arch Chapter No. 39, and of the Order of Eastern Star Ch hapter No. a 
ai He had united vite the Presbyterian — Church in 1887 and was a devout: 


member and served as Deacon 


and Elder pntil his hea 


- Benjamin Brentnall Lathbury, the son of Stephen and Margaret Conrad 
Lathbury, was born in cnt ne Pa., on March 9, 1800, He received his 
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Memoirs: 


a 


degree of B.S. : 
From J une to September, 1890, Mr. served. as and 
‘Computer in the U. Ss. Engineer Office, : at Wilmington, but resigned 
‘position to return to the University of Pennsylvania, for a -_post- -graduate 
course for the degree of C. KE. While at the University, during the winter of | ; 
1891, he worked on maps, current observations, and soundings in the U. S. 
Engineer Office in Philadelphia, making | copies for the Wilmington office. Bs *- 
Having received his C. E. degree, i in May, 1891 » Mr. Lathbury became U. S. 
Assistant Engineer i in charge of a party on surveys of the Susquehanna River é 
from soe Deposit, Md., to the head of Chesapeake Bay, for the ‘Wilsington 
Offfice. This work included the triangulation of the ‘surrounding country, 


“measurements of base line, river soundings, current observations, platting of | 


From November, 1891, to 


Tin 


erni- 
as 


Royal 
evout 
eacoll 


fo arn 
. ses From J une, 1893 to Ja anuary, 1894, hw was employed by Booth, Garrett, and dq a 


Company of Pennsylvania, ‘Siegfried, Pa.; Wabash Portland Cement 
Company, Helmar, Ind.; American Works of the. Alsen’s Portland Cement 
Company, of Hamburg, Germany, at ‘West Camp, N. Y.; Beaver Portland 
Cement Company, Marlbank, ‘Canada; Portland Cement Plant of the 
a Alkali Company, Wyandotte, Mich. Actna Portland Cement Com 


in the office of the Way for: the Lines 
West of Pittsburgh; Cincinnati Division, at Cincinnati, Ohio, having charge of. 3 
all field and office work on culverts, small 


From January to June, 1893, Mr. 
Levelman with the ‘Construction Corps of the main line of the Pennsylvania — a 
Railroad, on ¢ change of line at various places at and between Glen Loch and sl oo a 
Conewago, Pa., and the construction of new culverts and bridges, fills, cuts, j oa 


Blair, as Inspector on engineering building materials and | construction, ‘and in 7 
laboratory work < which cons’ consisted of the testing and nd inspecting of cements, steel, 
From 1 March, 1894, to January, 1897, Mr. Lathbury was a member of the 
‘firm of Lathbury and Anderson, Civil Engineers, with headquarters i in ‘Phila-— 
‘delphia. The work of the firm included the inspection 1 of factory buildings a 
materials for building construction and the physical and chemical testing of 
materials, Fs During this time (1895 to 1896), he also served as Chemical Engi 


neer for the Alpha: Portland Cement Company. 


= 


erection of. cement plants for the Castalia Portland Cement ees. ay a 
Ohio; Portland Cement Company, Wellston, Ohio; Clinton: 


City, Utah; the Plant for the Aalborg Cement Works, ‘Den- 
s mark; Rotary Plant for the American Cement Company, Egypt, Pa.; Lawrence _ 


om early education at the Lauderbach School and, later, entered the University of [oe 7 
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Mich: a By-Produet Plant for S. Warren and Company, 


RS, ; and the Almendares Portland Cement Company, 


; 


— aes The firm also reconstructed the plants of the Auckland Port- 


jeg ate addition to this work, he acted as Consulting Engineer for a number 


included. acting as experts in examinations and on n deposits ‘suit- 
able for the manufacture of Portland cement. gon lan 
‘the spring | of 1904, , Mr. Lathbury severed his ¢ connection with this 


Cement Company. He re- -organized the Company, designed the ‘entire 
made all purchases, and superintended the erection until it was as placed j in opera- 
tion. This work included laying out, purchasing and installing all machinery 
or the entire process, together with all steel buildings for the Wellston (Ohio) 
plant, the design and equipment of machine shops, storage buildings, office 


building, laboratories, side-racks for freight, coal, and limestone storage | 


d trestles, ete. He was responsible for the design and of all build 


ings, laying out, purchasing, and erecting all machinery appliances, and of the. 
electric ro roads connected with the Company’s mines at Oreton, Ohio. He opened 
and developed the entire property of 3 364 acres, with its deposits of coal, lime- 


_ When n the United States entered the World War, Mr. _Lathbury offered his 
_ services to the Government. . On November 9 , 1917, he was commissioned a 


; ~ Major i in the Ordnance Department and was stationed at Washington, D. C., 


= construction work. When he was about to realize his highest ambition— 


service abroad—the armistice was signed. i bet rude te ud 


of During the winter of 1919, he was detaile 


ge concerning the adjustment of claims in Canada and, in August, 1920, was : ‘sent 


year, as a Special Envoy. On January 1, 1921, Mr. Lathbury resigned from 
and, 31, received the Distinguished Service Medal 


settlement of many difficult and intricate 
: being especially commended for his “zeal, excellent judgment, and high con- 
prehension’ of the: principles involved.” ‘tial 
‘He died suddenly of angina pectoris on November 10, 1922; being survived 
is widow, Mrs. Bertha Nesbitt Lathbury, : a daughter, andason, Sts 

He was a member of the Union League and University Clubs of Phila- 
-delphia, the Sons ofthe American Revolution, and the Sons of Sweden. gi) 


Mr. Lathbury was elected an Associate Member of the American Society of : 


Civil Engineers 0 on March h 4, and a a | Member 01 ond Ju une 6, 1905. 


‘to Haiti as head of an Army Commission and, again, i in November of the s same | 
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having been eat 


eneral After his graduation, in J uly, 1898, Mr. Ayres entered the. employ of | 


e firm § Cincinnati ‘Telephone Company, remaining with that Company until March, 
p suit- 1899. He then went to Mexico as Assayer for the San Carlos Copper ‘ Com 
pany, and, except for brief visits to the United States, remained in that 


‘Alma _ After leaving the ‘employ of the San Carlos Copper ‘Company in J uly, 
plant, 1899, until October, 1908, Mr. Ayres: was engaged. with various mining com- “ad 


opera- as Assayer and Engineer on construction work, including the 


hinery 


Ohio) “Milling Company, « ‘eto. He v was » ales employed on the location’ and: construe 
“> 
office tion of several branches of the Mexican International Railroad in various 7 


After a year of private practice, with an office at Durango, Mr. 
again engaged i in mining operations and, later, on . railroad location and con- a 


for the Valley and Pacific Railway Company until 


lum ber road for the Cia. Maderera as la Sierra Durango, Parker and Carroll, eg 
In F ebruary, 1912, he Superintendent of Construction for 


“te Cia. Constructora_ de Ferrocarriles o the construction» of a line for 


tion— the National Railways of Mexico ‘from Penjamo, Guanajuato to Ajuno, 


"Michoacan. While engaged in this work, he brutally inurdered » 


919, to Mexicans 18, 1912, at Patzcuaro, Michoacan. His body was 


work covered and brought to his home in Cincinnati for burial. 


as sent Des oF As an engineer, Mr. Ayres was ‘successful both i in the field o of 1 mining engi- 


je same F beset and that of railroad location and construction. He v was a man of fine 
d from character and sterling honesty and a . credit to his ‘American citizenship in a: esi 


foreign land. Hes ‘was unmarried and was survived by his father and mother, 
two brothers, W. ~McL. Ayres, M. D., Cincinnati, Ohio, and Robert W. 
Ayres, us. Forest Service, California, and two sisters, 


4 
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Francia was born at East - Dedham, Mass.,. on Ju: une 16, 1863. 
He obtained his 

early education in the public schools of Dedham “and, later, studied chem- 

istry” ‘and engineering under a private tutor. Mr. Ross largely self- 
educated, having been a keen observer and a persistent reader and student of 
technical | literature. His work as an engineer was varied in character, embrac- 


- ing mining, -pailroad engineering | of many kinds, ‘difficult tunnel . construction, 


subways, earth and dams, stone arch bridges, irrigation works, and 


— leaving school i in 1881, , he } went West and engaged - in mining work i in 


Nevada, and, in 1886, became Assayer for the Chrysty ‘Mining Company, a at 


Silver Reef, Utah. In 1887, he was employed by the Pioche Consolidated 
- Mining Company of Pioche, Nev., and, in 1889, was made Superintendent of 


__ _In 1890, Mr. Ross returned East and, until 1896, was engaged in railroad 

_ work, serving, successively, as Transitman on construction for the New York, 


New Haven and ‘Hartford Railroad Company; Assistant: Engineer. for the 
Elymouth,, and Middleboro Railroad Company; and ‘Transitman: in charge of 


Company. 1896 and 1897, he of the Heel 
and Silver Mountain. Mining Company, at Empire, Colo. 
> 0h In 1898 and 1899, Mr. Ross. was Superintendent for elias Cabot and 

5a Rollins, Contractors, in charge of | the construction of bridges and retaining 
walls on the Fitchburg. Railroad, Massachusetts, the Bellows Falls" stone | 


arch and masonry: arch. the Tomhannock River a at 


on "Section 3 of the New 
York Rapid Transit: Subway. While o1 on this work, he invented a number of 
_ ingenious labor-saving devices » which, with his . characteristic greater regard 


so for the efficient performance of work than his own personal profit, he. neglected 
to patent. - Many of these ¢ devices: were patented ¢ afterward by others and are 


“eee 


ico Ross moved to Arvada, Colo. -. in 1908, and for two. years was engaged 
in farming. . The fascination of construction work, however, was too great for 

> him to be long contented with the quiet and. isolated life. of : a farmer, and, in 


1905, he entered the U nited States Reclamation Service, as Outside -Super- 
of Road Construction and Plant Feeotion at the fo 


the Uncompahgre Irrigation Project, ne near Montrose, bamelherresd for a 
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| "In 1907, he became Superintendent in charge of 
later on the construction of other important _ 
irrigation structur h Plat 
on the N orth Platte, Belle Fourche, Sun River, Shoshone 
“ye | ae developing into pneumonia, resulted in his death on May 8, 1921. x 4 7 
dhis In 1888, Mr. Ross was married to Miss Catherine 
rried to Miss Catherine McDonough, at Pioche, 
self- — by whom he had two children, a son, Charles, who was killed at the battle ; 
nt of | ‘whe. with bis wi of Durango, Colo, 
__ Mr. Ross was elected an Associ 
Ene} J Associate Member of the American Society of Civil 


